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FOREWORD TO THE SPANISH 
EDITION, FISIOTERAPIA INVASIVA 


Writing the foreword to a work is always hard, 
as an excess of compliments directed towards 
the authors or editors is inappropriate and a cold 
factual presentation can detract from the reader’s 
curiosity. 

In the case of Invasive Techniques in Physiother- 
apy (Fisioterapia Invasiva), this role becomes a 
moral obligation, due to the level of commit- 
ment shown by Professors Valera and Minaya 
who, at the forefront of a new physiotherapy, 
offer a compendium of the array of techniques 
that, grouped under the heading of ‘invasive’, 
present a new frontier of knowledge in the 
science of physiotherapy. 

T hey face a challenge, together with the rest 
of their coauthors and collaborators, among 
who it is necessary to highlight the fgure of 
José Manuel Sanchez-Ibafiez, creator of the 
EPI® technique who, without a doubt, has made 
the most important Spanish contribution to 
worldwide physiotherapy this century, repre- 
senting a historical landmark that deserves 
recognition and support. The challenge is to 
advance towards a new scientif c paradigm, mod- 
ernizing a profession that has evolved into a 
science, while contributing the values of effec- 
tiveness, evidence and low cost. T hese attributes 
place this group of techniques into a high rank 
with regard to the optimization of therapeutic 
resources. 


Throughout this book, the reader advances 
progressively from the necessary anatomical 
stage that frames the work of the physiotherapist 
to the quantitative verif cation of therapeutic 
results through ultrasound. T his reaches its the- 
oretical high point with the chapters dedicated 
to EPI® and dry needling, not forgetting associ- 
ated complementary techniques, such as acu- 
puncture and mesotherapy. 

Without doubt, we are producing a singular 
piece of work bringing order to the intervention 
area of invasive physiotherapy and, above all, 
which constitutes a brave effort that can only 
receive critiques from those who wish to place 
our science in the straitjacket of outdated param- 
eters of competency. 

All that remains is to thank the authors for 
their great efforts. This book is the product of a 
decade of dedicated and meticulous work, veri- 
fed by a long list of previous scientif c publica- 
tions that entirely support the publication of this 
book, which is fresh, technical and easy to read 
and understand. I am delighted to have been a 
part of the creation, development and future 
growth of this novel therapeutic concept, with 
its indisputable Spanish stamp. 


Prof. Dr José A. Martin Urrialde 


President of the General Council of 
Physiotherapy Boards of Spain 
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FOREWORD 


All methods are sacred if they are internally 
necessary. All methods are sins if they are not 
justif ed by internal necessity. 

WASSILY KANDINSKY 


This foreword is written for the prospective 
reader of this book. 

Not surprisingly, in the history of scientific 
and medical progress, the quality of the ques- 
tions posed has very often been the determining 
factor for the quality of the answers found. Many 
scientific breakthroughs have only been made 
possible after open-minded and careful observ- 
ers have effectively challenged the ‘conventional’ 
ideas of their time, be it Aristotle, the medieval 
church, gold standards of academies and col- 
leges, or even today’s peer-reviewed and respect- 
able publications. 

In the broad field of musculoskeletal medi- 
cine, the last 50 years have seen significant 
progress in our understanding of clinical cond1- 
tions manifesting in the complex musculoskele- 
tal system. 

Mechanistic models — inherited from the 
origins of Western medicine — are now slowly 
being replaced by neurological models that 
better reflect the realities of human physiology, 
particularly with regard to the miscellaneous 
conditions we term ‘functional disorders’ that, 
arguably, constitute most of the challenging 
clinical problems that most ‘manual medicine 
practitioners’ face every day. 

Not only are techniques evolving, but also 
professions, and this book is a welcome platform 
for a conjoined effort to disseminate new vital 
knowledge for the practitioners of manual medi- 
cine worldwide. Manual medicine is quickly 
becoming an international umbrella term to 
describe the daily practice of professionals with 
diverse denominations and licences, who use 
their hands and some, or all, of the tools and 
techniques presented in this book, to assess and 
treat musculoskeletal disorders. Practitioners of 
manual medicine form an ever-growing multi- 
disciplinary collective that includes physiothera- 
pists, chiropractors, osteopaths, naprapaths, 
sports medicine physicians, physical medicine 
and rehabilitation physicians, nurses, integrative 
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acupuncture practitioners, and a broad array of 
miscellaneous licensed massage therapists and 
body workers. 

Despite the still predominant structural 
approach to the diagnosis and treatment of 
musculoskeletal problems (so well covered by 
many of the chapters presented in this book), 
ongoing new insights from neurology are pav- 
ing the way for an additional array of new 
approaches to the evaluation and categorization 
of functional musculoskeletal disorders, many 
of which will continue to evolve from the key 
diagnostic and treatment techniques presented 
by the authors of this book, namely ultrasound- 
guided interventions, miscellaneous electrical 
tissue stimulations with and without needles, 
and injections of physiological substances to 
improve the biochemical environment when 
and where needed. 

Meanwhile, the development of these new 
‘technology-based’ diagnostic and treatment 
techniques that allow new access to the effec- 
tors of the musculoskeletal system (specifically 
muscles, tendons, bones, joints and peripheral 
nerves) 1s also contributing to clarify some of 
the fundamental structural dimensions associ- 
ated with these complex — and still incom- 
pletely understood — functional musculoskeletal 
disorders. 

In this manner, with the contributions of 
many researchers and practitioners, ‘the heart’ of 
the musculoskeletal system is gradually opening 
itself to those who approach it properly, like the 
authors of this book. Simplicity, clarity and a 
scientifically inquisitive mind are the main tools 
in this quest. 

Like many other fields of medicine and 
science, the main reward for the researcher and 
practitioner is the excitement of finding the 
connections between the visible and invisible 
worlds. For the manual medicine practitioner 
it is the art of discovering the pathways left on 
the soft tissues of the body by gravitational and 
reaction forces, the art of finding the dysfunc- 
tional spinal segments inhibiting proper motor 
function and metabolic activities of the periph- 
eral tissues (and even the viscera), and the art 
of restoring normal metabolic capabilities to 


specific peripheral tissues that have lost their 
vitality and optimal structural arrangement. 

This spirit is clearly behind the many inter- 
esting and exciting chapters presented in this 
book. Many authors have generously contrib- 
uted their time and expertise to the production 
of this unique professional text for manual medi- 
cine practitioners, the core being a group of 
Spanish physiotherapists at the forefront of their 
profession. 

Spain has never been a scientific power, but 
historically it has been the land of some of the 
most original and creative thinkers in the history 
of medicine and science: N obel prize physician 
Santiago Ramon y Cajal represents them all. Still 
young in years but rich in clinical experience, the 
editors of this exciting book (as well as the main 
contributors), Fermin Valera-Garrido and Fran- 
cisco Minaya-Mufioz have proven to be worthy 
heirs to this tradition. Thanks to their efforts 
you now have the unique opportunity of being 
exposed to the latest approaches and techniques 
in the understanding and treatment of muscu- 
loskeletal disorders, all in one book, which 1s 
both comprehensive and richly illustrated. 

It was another Spaniard, philosopher Jose 
Ortega y Gasset, who said: ‘to be surprised, to 
wonder, is to begin to understand’. And this is 
how a book like this should be approached, by 
an intelligent reader like yourself. Not as an 
authoritative source of consolidated knowledge, 
but as a rich tapestry of science-based wonders 
in the field of musculoskeletal medicine, a major 
work still in progress. 

Just a final comment for the overly enthusias- 
tic reader, as perhaps ‘Advanced Techniques’ in 
the title may be slightly misleading. Techniques 
are means to an end, and as such they are at the 
service of a definite purpose. All techniques 
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should be precise, safe and effective. It is the 
advanced understanding of the problems being 
tackled, in this case musculoskeletal pain and 
dysfunction, that gives the techniques their ulti- 
mate meaning, not the other way around. 

The power of excellent manual medicine 
practitioners, like the chess master, the artful 
writer, the accomplished musician, or the genius 
sculptor and painter — the secret that makes their 
‘technique’ advanced or superior — 1s simply their 
ability to master the elemental components of 
their craft, specifically the ability to combine 
these elements in a timely fashion for the service 
of a higher purpose. T his is the only secret of all 
mastery. 

As it is often the case, to master such a simple 
recipe requires a lifetime of intelligent observa- 
tion of our own modus operandi and purposeful 
determination to apply this controlled experi- 
ence to refine our next output. This is, and has 
always been, the essence of science. Patience, 
passion, vision, determination and purposeful- 
ness can infuse quality and even immortal life to 
a chess piece, a collection of words or musical 
notes, a piece of marble, a canvas, or in our case, 
in your case (as a manual medicine practitioner), 
a minimally invasive technique performed with 
clarity and accuracy. 

If you are reading this now, while holding 
with anticipation this valuable addition to your 
medical library, the choice is literally in your 
hands. 


Dr. Alejandro Elorriaga Claraco, Sports 
Medicine Specialist (Spain) 

Founding Director McMaster University 
Contemporary Medical Acupuncture 
Program, Hamilton, Ontario, Canada 
www.mcmasteracupuncture.com 


PREFACE 


The basis of all art consists of bringing reality 
doser to one’s dreams. 
ANDRE MAUROIS 


Rotterdam (2007), Marbella and Elche (2008) 
mark the beginning of what is, today, a reality 
captured by this book. T hese were the ‘seeds’ of 
a line of training in invasive physiotherapy which 
changed our way of perceiving the professional 
and the patients’ results, and these seeds are what 
produced the Spanish version of the book Fisiot- 
erapia Invasiva (Elsevier, 2013). 

Our presence and scientific contribution to a 
range of international events, in London and 
Vancouver (2012) and Toronto (2014), together 
with other international engagements marked 
the ‘ripening’ of anew ‘fruit’, this book, Advanced 
Techniques in Musauloskeletal Medicine and Physio- 
therapy: using minimally invasive therapies in 
practice. 

Similar to the pieces of a puzzle, each and 
every one of the minimally invasive therapies 
fits together to form an area of knowledge in 
musculoskeletal medicine and physiotherapy 
that integrates dry needling, percutaneous needle 
tenotomy (PNT), acupuncture, percutaneous 
needle electrolysis, mesotherapy, injection ther- 
apy and high-volume image-guided injections 
(H VIGIs), among others. This book is the first 
worldwide reference to integrate minimally 
invasive therapies within musculoskeletal medi- 
cine and physiotherapy from a clinical, evidence- 
based perspective. 

Around the world, minimally invasive thera- 
pies have the support of a range of institutions 
such as the Chartered Society of Physiotherapy, 
the Australian Physiotherapy Association, the 
Canadian Physical Therapy Association, the 
Federation of State Boards of Physical T herapy, 
the Irish Association of Physical Therapists, the 
General Council of Physiotherapy Boards in 
Spain, the Spanish Association of Physiothera- 
pists and the American Physical Therapy Asso- 
ciation, which consider the application of manual 
therapy interventions with a needle as an 
advanced-extended scope of practice. 

The incorporation of invasive techniques 
within the scope of physiotherapy is supported 
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by the curricula of current entry-level and post- 
graduate educational programmes, scientific 
evidence and established practice. These tech- 
niques are a ref ection of the experiences and 
realities of specialized care in many countries, 
such as Spain, Portugal, Greece, Sweden, 
Norway, Ireland, the Netherlands, Belgium, 
Switzerland, the UK, Argentina, Chile, Brazil, 
South Africa, Zimbabwe, Canada, Australia, 
New Zealand, the USA, India, the United Arab 
Emirates-Dubai and Hong Kong. 

In Spain, the University San Pablo CEU and 
MVClinic are the worldwide pioneers organiz- 
ing, since 2012, the Master’s degree in Invasive 
Physiotherapy Techniques, in which many of the 
procedures that today make up the physiother- 
apy scope of practice are integrated. 

On the other hand, within the physiotherapy 
collective there is a growing interest in invasive 
techniques, due to their effectiveness and effi- 
ciency in the treatment of many dysfunctions of 
the neuromusculoskeletal system that are diffi- 
cult to resolve using conventional techniques. 

This work begins with an introduction of 
the different invasive physiotherapy techniques, 
incorporating important aspects regarding 
history, education, training and regulation of 
invasive techniques within the physiotherapy 
profession, and with a description of the theo- 
retical and practical considerations that must be 
considered for a correct praxis (Part I: Chapter 
1 and 2). In Part II, the areas of vasculonervous 
confict are described, together with the most 
important anatomical landmarks in the applica- 
tion of puncture techniques (Chapter 3). 

Part III covers the applicability of muscu- 
loskeletal ultrasound in physiotherapy (Chapter 
4), anatomical—ultrasound integration (sono- 
anatomy) (Chapter 5), the use of new imaging 
methods such as elastography (Chapter 6) and 
the practice of ultrasound-guided procedures 
with the goal of improving the effectiveness and 
safety of interventions (Chapter 7). 

In Parts IV to X, the mechanisms of action, 
application methodology and effects of invasive 
techniques are described, such as dry needling 
(Chapter 8), Dry Needling for Hypertonia 
and Spasticity (DNHS®) (Chapter 9), needling 


techniques for segmental dysfunction (Chapter 
10), PN T (Chapter 11), Intratissue Percutaneous 
Electrolysis (EPI®) (Chapters 12-14), clinical 
acupuncture (Chapters 15 and 16), mesotherapy 
(Chapter 17), injection therapy (Chapter 18) and 
HVIGI (Chapter 19). 

Finally, part XI is designed to teach the pro- 
fessional to assess the results obtained objec- 
tively from the perspective of functionality 
(Chapter 20) and the changes achieved in the 
treated tissue (Chapter 21). 

T his book is designed as a teaching tool and 
includes a glossary, explaining the most impor- 
tant terms. Each chapter also contains real clini- 
cal cases. Additional online material is available, 
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including videos of the interventions and the 
figures (in colour) from the book. 

Lastly, we would like to express our gratitude 
to our close associate Francesc Medina 1 Mira- 
peix, who, for many years, has shown us the 
scientific value of physiotherapy, and to all the 
authors who have contributed towards this edi- 
torial project. This work paves the way for new 
research and discoveries. 

Without a present there is no future. 


Fermin Valera Garrido 


Francisco Minaya Munoz 
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1.1 INTRODUCTION 


1.1.1 Concept of invasive 
techniques in physiotherapy 


The use of physical agents and modalities such 
as heat and manual therapy is as ancient as 
humanity itself. Today, physiotherapy is a 
well-recognized profession, which has evolved 
and developed successfully since its remote 
beginnings.' ° Indeed, the role of the physiother- 
apists has expanded in recent years, becoming 
increasingly diverse,” particularly in response to 
reforms in health and education® and based on 
the changing needs of patients and the popula- 
tion at large.’* 

The complex and broad nature of the physi- 
otherapy profession has outgrown the reach of 
general practice. Continuous professional devel- 
opment is now essential in order to guarantee 
quality of care, and this has become a professional 
responsibility. Physiotherapists must seek to 
create new and innovative ways of working that 


Appendix 2: Informed consent 
form for dry 
needling 

Appendix 3: Informed consent 
form for 
mesotherapy 

Appendix 4: Informed consent 
form for 
percutaneous 
needle electrolysis 
(PNE) 

Appendix 5: Informed consent 
form for 
acupuncture 

Appendix 6: Informed 
consent form 
for injection 
techniques 


are effcient and effective, while guaranteeing 
patient safety. At the same time, it is important 
for professionals not to forget the historic roots 
of physiotherapy and to understand how these 
support the development of the profession. 

The broad nature of physiotherapy is appar- 
ent in the def nition of physiotherapy provided 
by the World Confederation for Physical 
Therapy (W CPT ) as: 


services to individuals and populations to develop, 
maintain and restore maximum movement and 
functional ability throughout the lifespan. T his 
indudes providing services in Graimstances 
where movement and fundion are threatened by 
ageing, injury, disease or environmental factors. 
Functional movement is central to what it 
means to be healthy.’ 


The concept of needling techniques or inva- 
sive techniques (both terms are used inter- 
changeably) is def ned by Valera & Minaya as: 


manual therapy interventions in which a 

f liform/hollow needle is used to diagnose and 
treat neuromusaular pain and funcional 
movement def ats. 


Within the scope of physiotherapy practice, 
these techniques can be referred to as (mini- 
mally) invasive physiotherapy. Examples of these 
are dry needling, percutaneous needle electroly- 
sis (PNE), injection therapy or acupuncture in 
physiotherapy practice. The Spanish term / siot- 
erapia invasiva (invasive physiotherapy) was f rst 


1 INVASIVE TECHNIQUES IN PHYSIOTHERAPY: GENERAL CONCEPTS 5 


used in 2001 by Mayoral,'° and it is indeed the 
original title of this book, published in Spain in 
2013 by Valera and Minaya.'! 

During invasive techniques, the needle 
becomes the active element of movement, a sort 
of extension of the professional’s hands used to 
apply mobilization, vibration or pressure on to 
the soft tissue. A mechanical effect is sought, 
which may be: (1) isolated: for example in the 
case of acupuncture, dry needling or percutane- 
ous needle tenotomy (PNT) techniques; (2) 
combined with physical agents such as heat 
(moxibustion), electricity (e.g. PNE, electro- 
lipolysis); or (3) combined with medication that 
is injected into the subcutaneous tissue (meso- 
therapy) at a greater depth (injection techniques). 
In each country, the development of professional 
competencies and the offcial training pro- 
grammes def ne the scope of practice for physi- 
otherapists and other professionals who perform 
needling techniques. 

Physiotherapists who perform invasive tech- 
niques base their intervention on sound clinical 
reasoning processes and these techniques are 
supported by an evidence-based and _best- 
practice approach within the scope of physio- 
therapy. There is growing research to suggest 
that invasive techniques are effective in the man- 
agement of neuromusculoskeletal conditions’” "; 
however ongoing research is needed in order to 
expand the knowledge base regarding the effec- 
tiveness of these interventions. 


1.1.2 Physiotherapy scope of 
practice changes 


Scope of practice, as described by the Pew 
Health Professions Commission,'° is the: 


def nition of the rules, the regulations, and the 
boundaries within which a fully qualif ed 
practitioner with substantial and appropriate 
training, knowledge, and experience may 
practice in a f eld of medicine or surgery, or 
other specif cally def ned f eld. Such practice is 
also governed by requirements for continuing 
education and professional accountability. 


The WCPT indicates that the physiotherapy 
profession itself is responsible for defning the 
profession’s scope of practice and the roles of 
physiotherapists. National physiotherapy asso- 
ciations are a key fgure for seeking legislative 
and public support for their members, which in 
itself contributes to the autonomous f gure of 
physiotherapists and the establishment of a 
def ned scope of practice. 


T here are many factors which may limit scope 
of practice, such as training, experience and 
competency, but also local customs and practice. 
Interestingly, in Australia the legislation does 
not provide a def nition of physiotherapy scope 
of practice and it is therefore the responsibility 
of the profession to def ne the practice. T he Aus- 
tralian Physiotherapy Association (APA) sup- 
ports a broad def nition of physiotherapy which 
recognizes the presence of a diversity of clinical 
specialities in order to meet the needs of a variety 
of client groups: 


Physiotherapy involves a holistic approach to 

the prevention, diagnosis, and therapeutic 
management of disorders of movement or 
optimisation of function to enhance the health 
and welfare of the community from an 
individual or population perspective. The practice 
of physiotherapy encompasses a diversity of 
dinical specialties to meet the unique needs of 
different dient groups."’ 

The APA believes it is inappropriate to list 
the activities which are considered either within 
or outside the current scope of practice. The scope 
of physiotherapy in Australia may indude both 
existing and emerging practices. Physiotherapists 
may practice any adivity that falls within the 
broad scope of physiotherapy providing that they 
are appropriately educated, trained, credentialed 
and competent to practice. Physiotherapists 
working in new and innovative roles must at 
all times be able to demonstrate how their 
activities align with the professional practice of 
Physiotherapy. Education providers should be 
encouraged to develop courses for physiotherapists 
that equip them with the appropriate skills and 
competences to expand their scope of practice.’” 


The scope of physiotherapy practice should be 
dynamic and responsive to the patient’s/client’s 
and societal health needs.'**° For instance, when 
scope of practice is defned too rigidly or con- 
cisely, problems may arise later on, as there will 
be little room for innovation. This becomes 
increasingly diff cult for the profession to evolve 
together with contextual changes in society and 
healthcare policies. It is equally important for 
scope of practice to undergo periodic review 
and, in doing so, the latest evidence base should 
be considered as well as the health needs of the 
population. 

T here is a lack of consensus in the literature 
surrounding the defnition of advanced and 
extended scope of practice,’ ~’ although there 
was general agreement that it involved an expan- 
sion of traditional roles in physiotherapy, in terms 
of diagnostics, management and interventions 
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(frst-line physiotherapy). The APA* supports 
the following def nitions: 


Advanced Scope of Practice — A role that is 
within the currently recognised scope of practice 
for that profession, but that through austom and 
practice has been performed by other professions. 
The advanced role may require additional 
training as well as signif cant professional 
experience and competency development. 

Extended Scope of Practice — A role that is 
outside the currently recognised scope of practice 
and one that requires some method of 
credentialing following additional training, 
competency development and signif cant 
professional experience, as well as legislative 
change. 


The WCPT offers further details regarding the 
use of the term extended scope of practice”: 


Physical therapists may develop a scope of practice 
beyond the usual and customary physical 
therapist s practice as a result of attaining 

signif cant additional education, professional 

experience, and/or enhanced competendes. It may 

also be referred to as extended scope of practice. 

Specialisation is an example of advanced scope of 

practice. 

Indeed, clinical specialization’ ** ‘recognizes 
physical therapists with advanced clinical knowl- 
edge, experience, and skills in a special area of 
practice, assists consumers and the health care 
community in identifying physical therapists 
who are specialists, and meet a specifc area of 
patient need.” 

A useful def nition of extended scope of prac- 
tice could also include the term role enhance- 
ment ‘as increasing the depth of a job by 
extending the role or skills of a particular group 
of workers’.** In the UK, especially in the case 
of physiotherapists, new roles in advanced and 
extended scope of practice have been rapidly 
adopted.” The use of injection therapy” for 
physiotherapists since 1995 is an example of role 
enhancement. In July 2012 UK physiotherapists 
were the f rst in the world to be granted the right 
to prescribe medication in the management of 
their patient’s care without needing a doctor to 
sign off on their decision. 


An extended scope practice physiotherapist is a 
dinical specialist, who has the opportunity to 
develop and demonstrate expertise beyond the 
currently recognized scope of practice, induding 
some aspect of job enhancement or expansion, 
involving the areas of extended therapeutics, 
diagnostics and practice ansultation.**”° 


In Canada, the physiotherapy scope of practice 
is under review. Some recent interventions 
included within the scope of practice, such as 
spinal manipulation, dry needling or acupunc- 
ture, are not considered entry-level and require 
additional postgraduate training following grad- 
uation to add them to physiotherapy practice.” 
Regarding invasive techniques, a survey of Cana- 
dian physiotherapists in 2008 found that these 
techniques (dry needling, acupuncture) are con- 
sidered to be an advanced practical skill.’ 


KEY POINTS 


Invasive techniques in physiotherapy practice 
should be considered an advanced-extended 
scope of practice. 


In the UK, the Chartered Society of Physio- 
therapy (CSP)°** def ned scope of practice based 
on the four pillars of practice contained within 
the Royal Charter”: massage, exercise, electro- 
therapy and kindred forms of treatment. 


any activity undertaken by an individual 
physiotherapist that may be situated within the 
four pillars of physiotherapy practice where the 
individual is educated, trained and competent to 
perform that activity. Such activities should be 
linked to existing or emerging occupational and/ 
or practice frameworks acknowledged by the 
profession, and be supported by a body of evidence. 


Although the frst three pillars are quite well 
defned and specif c, the fourth pillar offers the 
possibility for physiotherapists to expand their 
knowledge base according to the needs of their 
patients. 

By keeping a broad perspective, ultimately 
patient care benefts, as physiotherapists can 
extend the treatment options available to their 
patients. 

In 2006, in the USA, the Federation of State 
Medical Boards published a joint report” 
together with the Association of Social Work 
Boards, the Federation of State Boards of 
Physical Therapy (FSBPT ), the N ational Board 
for Certif cation in Occupational Therapy, the 
National Council of State Boards of Nursing and 
the National Association of Boards of Pharmacy 
on changes in healthcare professions scope of 
practice. Within this document’ they issued the 
following statement: 


if a profession can provide supportive evidence in 
the four foundational areas: historical basis, 
education and training, evidence, and regulatory 
environment, then the proposed dianges are 
likely to be in the publics best interest. 
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One activity does not def ne a profession, but 
it is the entire scope of activities within the 
practice that makes any particular profession 
unique. Simply because a skill or activity is 
within one profession 8: skill set does not mean 
another profession cannot and should not indude 
it in its own scope of practice.“” 


Furthermore, the CSP** establishes the scope of 
practice of the individual physiotherapist; in 
other words, they give their members the choice 
to work as either generalists or as specialist prac- 
titioners. Therefore it is up to physiotherapists 
whether or not they decide to extend their prac- 
tice into the so-called fourth pillar, developing 
further clinical skills. 

T he CSP states that the fourth pillar includes 
an advanced and extended scope of practice, 
which requires further training and development 
beyond undergraduate or immediate postgradu- 
ate training. According to the CSP, doctors typ1- 
cally provide extended-scope physiotherapists 
with the necessary mentorship, training and 
supervision. 


KEY POINTS 


Advanced and extended scope of practice requires 
additional postgraduate training in order to 
include these within physiotherapy practice. 


These models of advanced practice or 
extended scope of practice have existed for 
nurses’ “* since World War I and for physio- 
therapists in the USA since the Vietnam War. 
There are many other professions looking to 
increase their current scope of practice. In recent 
years radiologist assistants,” optometrists’® and 
podiatrists’’ have successfully expanded into new 
areas. Physiotherapists can draw on the experi- 
ences of these professions when undertaking 
strategic advocacy. 

A recent systematic review published in 2012 
focused on advanced-practice roles in physio- 
therapy in the management of patients with 
musculoskeletal disorders.** The authors found 
that physiotherapists in advanced-practice roles 
tend to provide equal or improved care in com- 
parison to physicians in terms of diagnostic 
accuracy, effectiveness of treatment, use of 
healthcare resources, economic costs and patient 
satisfaction. 

Around the world, the changes to the physi- 
otherapy scope of practice are supported by the 
curricula of current entry-level and postgraduate 
educational programmes, scientif c evidence and 
established practice. The incorporation of the 
invasive techniques within the scope of physio- 
therapy is also a reflection of the experiences 


and realities of specialized care in many coun- 
tries, such as Spain, Portugal, Greece, Sweden, 
Norway, Ireland, the Netherlands, Belgium, 
Switzerland, the UK, Argentina, Chile, Brazil, 
South Africa, Zimbabwe, Canada, Australia, 
New Zealand, the USA, India, the United Arab 
Emirates-Dubai and Hong Kong. 

The USA is not foreign to this new reality 
of physiotherapy. In updating their guidelines, 
the American Physical Therapy Association 
(APTA) Board of Directors (March 2014) for- 
mally listed dry needling within the scope of 
practice.’ More specif cally, they added under 
section two: 


Physical therapy, which is limited to the care and 
services provided by or under the direction and 
supervision of a physical therapist, indudes: 
Alleviating impairment and funcional 
limitation by designing, implementing, and 
modifying therapeutic interventions that indude, 
but are not limited to: dry needling. 


Currently, there is enough evidence to include 
dry needling in the next edition of the Guide 
to Physical Therapist Practice,’ developed by 
the APTA. 

Since 2007 and up until 2014, KinetaCore® 
(a postgraduate education company) alone has 
certif ed almost 4000 N orth American providers 
in functional dry needling techniques across the 
USA, which is indicative of the growing interest 
raised within the physiotherapy collective. 

According to the APA,” over 25% of regis- 
tered physiotherapists currently employ nee- 
dling techniques as part of the repertoire of 
treatment modalities used to manage conditions 
within their scope of practice. Aware of the surge 
in popularity of this treatment modality, the APA 
has recognized the need to establish a framework 
to ensure proper training for those who practise 
needling techniques, performed in line with the 
core competencies taught within physiotherapy 
entry-level education. 

In South Africa, of the approximately 9000 
registered physical therapists, over 75% are esti- 
mated to employ the technique at least once 
daily.’ Furthermore, South African physiothera- 
pists and those from the UK are allowed to 
perform botulinum toxin injections” in the man- 
agement of individuals with focal spasticity and 
dystonia. 

In 1984, the UK Acupuncture Association of 
Chartered Physiotherapists (AACP) was formed, 
becoming the largest professional network of the 
CSP. This association was formed for the prac- 
tice of Western research-based acupuncture in 
physiotherapy; around 6000 members were reg- 
istered in 2014. 
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In Europe, the Bologna process” is the proc- 
ess of creating the European Higher Education 
Area by making academic degree standards and 
quality assurance standards more comparable 
and compatible throughout Europe, in particu- 
lar under the Lisbon Recognition Convention.” 
In countries such as Spain, Portugal, Greece, 
the UK, Ireland, Switzerland, the Netherlands, 
Belgium, N orway and Sweden, physiotherapists 
have been applying invasive techniques within 
the scope of physiotherapy practice for many 
years and are indeed a reference for the future. 


1.2 HISTORY, EDUCATION, 
TRAINING AND REGULATION OF 
INVASIVE TECHNIQUES WITHIN 
THE PHYSIOTHERAPY PROFESSION 


1.2.1 History 


Acupuncture in physiotherapy practice 


Acupuncture (including conventional acupunc- 
ture, electroacupuncture [EA] and moxibustion) 
has been used as a physiotherapy intervention 
modality in Canada, the UK, Australia, New 
Zealand, South Africa and Sweden since the 
early 1980s.°° More recently, in other countries 
such as Spain, Portugal and Brazil,’ physiother- 
apists have begun to use acupuncture as part of 
an integrated approach with conventional physi- 
otherapy treatments. 


KEY POINTS 


Acupuncture is considered within the scope of 
practice for physiotherapists. 


In 1999, the World Health Organization 
(WHO) published Guidelines on Basic Training 
and Safety in Aapuncure.* These guidelines 
assist national health authorities to establish the 
basic requirements for training physicians, non- 
physician acupuncturists and other health pro- 
fessionals. These also promote the practice of 
acupuncture in their profession as a part of 
modern Western medicine. 

The International Acupuncture Association 
of Physical Therapists (IAAPT), founded in 
1991, has been a subgroup of the WCPT since 
1999. The IAAPT aims to develop standards of 
safe acupuncture practice and educational and 
training programmes, and promote sharing of 
information and research between individual and 
group members. Currently, 11 core member 
countries (Australia, South Africa, New Zealand, 
Sweden, the UK, Argentina, Hong Kong, 


Canada, Zimbabwe, Ireland and Greece) form a 
part of the association. 

Since 1986, the Acupuncture Association of 
the South African Society of Physiotherapy has 
been hosting training courses, organized with 
the assistance of the IAAPT. As the practice of 
acupuncture was regulated by act of Parliament 
in November 2000 (Act 50 of 2000, published 
on 1 December 2000 in Gazette 21825), physi- 
otherapists who have completed the course are 
now applying for registration as acupuncturists 
with the Chiropractors, Homeopaths and Allied 
Health Service Professions Council of South 
Africa. 

In 1997, the frst book was published specif - 
cally for physiotherapists, entitled Aapundure 
and Related Techniques in Physical Therapy.°’ T his 
was a collaboration between clinicians, research- 
ersand teachers who were members ofthe IAAPT. 

In 2003, the IAAPT published Standards 
of Safe Aaipundcure Practice by Physiotherapists*° 
for the application of acupuncture, EA, moxa, 
cupping and auricular needles, press needles and 
beads. 

In Canada, the Acupuncture Division of the 
Canadian Physiotherapy Association supports 
physiotherapists in advancing the use of acu- 
puncture as an established core competency in 
physiotherapy clinical practice. 

In the UK, all physiotherapists practising acu- 
puncture should be eligible to join and maintain 
membership of the AACP. 

In 2007 (reviewed in 2013), the Australian 
Society of Acupuncture Physiotherapists devel- 
oped Guidelines for Safe Aaipundure and Dry 
Needling Practice as a guide to safe practice 
for physiotherapists and other allied health 
practitioners practising acupuncture in Aus- 
tralia.°' The guideline was developed based on 
Australian and international acupuncture guide- 
lines, including the minimum standards set by 
the IAAPT. In these guidelines, acupuncture 
practitioners include professionally trained and 
qualifed Chinese medicine and acupuncture 
practitioners, and other qualifed professionals 
who have received acupuncture training, includ- 
ing physiotherapists. The physiotherapist cannot 
use the title of acupuncturist. 

According to the APTA, acupuncture is not 
within the scope of practice for physiotherapists 
and is not in the Guide to Physical Therapist Prac- 
tice.’ To practise acupuncture, physiotherapists 
would need to contact each state agency respon- 
sible for acupuncture licensing to establish the 
training requirements. Most states that license 
acupuncture or traditional Chinese medicine 
practitioners use standards set by the Accredita- 
tion Commission of Acupuncture and Oriental 
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Medicine (ACAOM). The USA is far behind in 
allowing physiotherapists to use invasive tech- 
niques in their scope of practice compared to 
countries such as Canada, the UK, Ireland and 
Australia. The present situation has similarities 
to the use of manual therapy techniques in the 
USA."' Initially, many US state boards of physi- 
otherapy opposed the use of manual therapy. 
Although for several decades, manual physio- 
therapy had already been an essential part of the 
scope of physiotherapy practice in Europe, Aus- 
tralia and New Zealand, manual therapy did not 
make its debut in the USA until the 1960s. During 
the past few years, physical therapists, the APTA 
and the American Academy of Orthopaedic 
Manual Physical Therapists (AAOMPT) have 
had to defend the right to practise manual therapy, 
especially when challenged by the chiropractic 
community. A similar situation may be evolving 
with the relatively new invasive techniques. 


Electroacupuncture. EA°’ (see chapter 16) was 
frst used in China in the 1950s as an extension 
of hand manipulation of acupuncture needles. 
The term EA refers to the application of a pul- 
sating electrical current through acupuncture 
needles to provide continued stimulation of the 
acupoints (acupuncture points).°”°’ The Chinese 
developed thismethod to beused for acupuncture- 
induced surgical anaesthesia. In the 1960s EA 
was introduced into clinical practice, especially 
for the treatment of chronic pain and neurologi- 
cal diseases. Today EA is used mostly in the 
treatment of nociceptive musculoskeletal pain, 
in both acute and chronic cases. It is based on 
the use of low-frequency electric currents such 
as transcutaneous electrical nerve stimulation 
(TENS) or microcurrents administered through 
the needle. 


Dry needling in physiotherapy practice 


Dry needling has been practised by physiothera- 
pists for over 20 years in countries such as 
Canada, the UK, Ireland, Spain, N orway, Swit- 
zerland and South Africa, among others, with 
minimal numbers of adverse effects reported.” 
In 1984, the Maryland Board of Physical T herapy 
Examiners was the frst physiotherapy board in 
the USA to approve dry needling by physiother- 
apists. Currently, dry needling is probably the 
invasive technique most used by physiotherapists 
around the world. 
The AAOMPT® def nes dry needling as: 


a neurophysiological evidence-based treatment 
technique that requires effective manual 
assessment of the neuromuscular system. Physical 


therapists are well trained to utilize dry needling 
in conjunction with manual physiotherapy 
interventions. Research supports that dry 
needling improves pain control, reduces musde 
tension, normalizes biochemical and electrical 
dysfunction of motor endplates, and facilitates an 
accelerated return to active rehabilitation. 


Since the 1970s several dry needling approaches 
have been developed for the treatment of myo- 
fascial trigger points (see chapters 8 and 10) 
within the scope of physiotherapy practice. Cur- 
rently, dry needling is also used with intra- 
muscular needle stimulation® (‘electroneedling’) 
in order to evoke further muscular relaxation. 
The use of the needles as electrodes offers 
many advantages over traditional stimulation” 
(the resistance of the skin to electrical currents 
is eliminated, with results in some cases that 
are more rapid and longer lasting). Several 
studies’’ °° have demonstrated that percutaneous 
stimulations is more effective for pain relief and 
improving functionality over traditional TENS. 
Moreover, relevant clinical studies” “ have com- 
bined dry needling with autologous blood injec- 
tion therapy as a method of tendinopathy 
treatment, with excellent results. In these cases, 
dry needling consists of repeatedly passing a 
needle through the tendon to disrupt the f bres, 
induce bleeding and activate healing and regen- 
eration. If local anesthesia is injected and a 
hollow needle is used, this technique is referred 
to as PNT ”’”° (see chapter 11). 

In the USA, dry needling, within the scope of 
physiotherapy, is also defned as intramuscular 
manual therapy, intramuscular stimulation or 
functional dry needling, such as manual therapy 
techniques performed on the inside of the muscle. 

In January 2012, the APTA published an edu- 
cational resource paper entitled Physical Thera- 
pists and the Performance of Dry Needling"’ to assist 
practitioners on this issue. This document was 
meant to provide background information for 
state chapters, regulatory entities and providers 
dealing with the issue of dry needling. In Febru- 
ary 2013, the APTA published a second paper 
regarding dry needling, entitled Description of 
Dry Needling in Clinical Practice: An Eduaational 
Resource Paper.” 


KEY POINTS 


Dry needling is considered an invasive physio- 
therapy technique and is consistent with the 
practice of physiotherapy. 


At this point in time (July 2014), dry needling 
in the USA” is formally within the scope of 
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physiotherapy practice in the District of Colum- 
bia and in 34 states (Alabama, Alaska, Arizona, 
Colorado, Connecticut, Georgia, Illinois, 
Indiana, Iowa, Kentucky, Louisiana, Maryland, 
Michigan, Minnesota, Mississippi, Montana, 
Nebraska, Nevada, New Hampshire, New 
Jersey, New Mexico, North Carolina, North 
Dakota, Ohio, Oklahoma, Oregon, Rhode 
Island, South Carolina, Texas, Utah, Virginia, 
West Virginia, Wisconsin and Wyoming). Cur- 
rently the only states that have made a ruling 
against dry needling for physiotherapists are 
California, Florida, Hawaii, Idaho and New 
York, mainly due to verbiage in the practice act 
against puncturing the skin. 

The FSBPT’ Examination, Licensure and 
Disciplinary D atabase has no entries in any juris- 
diction of discipline for harm caused by dry nee- 
dling performed by physiotherapists.” 

In the USA, controversy exists between physi- 
otherapists and acupuncturists regarding dry 
needling techniques.*’ ** The ACAOM affrms 
that, historically, dry needling derives from acu- 
puncture techniques; however, the practices of 
acupuncture and dry needling differ in terms of 
their historical, philosophical, indicative and 
practical contexts. Modern dry needling, per- 
formed by physiotherapists, is based on Western 
neuroanatomy and modern scientifc study of 
the musculoskeletal and nervous systems. Physi- 
otherapists who perform dry needling do not use 
traditional acupuncture theories or acupuncture 
terminology. 

In another example, chiropractors sometimes 
argue that spinal manipulations are within their 
exclusive scope of practice; however, osteopathic 
physicians and physiotherapists use these tech- 
niques daily all over the world.*” These days, it 
is quite common for many professions to share 
some skills or procedures with other professions. 
Therefore, the federations of state boards now 
recognize that it is no longer reasonable to 
expect each profession to have a completely 
unique scope of practice that is exclusive of all 
others. However, commonly: 


one profession may perceive another profession as 
encroaching’ into their area of practice. The 

profession may be economiaally or otherwise 
threatened and therefore oppose the other 

profession ’ legislative effort to change scope 

of practice. 


Specif cally, in the case of dry needling, some 
acupuncture societies and associations in the 
USA may feel threatened by the growing 
numbers of physical therapists using this tech- 
nique within their scope of practice. 


Ultrasound-guided percutaneous 
needle electrolysis in 
physiotherapy practice 


In recent years, physiotherapists have also incor- 
porated additional needling techniques, such 
as PNE techniques (EPI®, EPTE®, MEP®) 
within their practice. These techniques are 
based on the combination of mechanical and 
electrical stimulation using a galvanic current 
through an acupuncture needle. Percutaneous 
needle electrolysis provides a controlled micro- 
trauma to the affected soft-tissue structures 
under direct visualization via the ultrasound 
machine. These techniques stimulate a local 
inflammatory response, with increased cellular 
activity and repair of the affected area.*’ Since 
2008, more than 2000 physiotherapists have 
received training in this technique in Spain, 
together with other therapists based in Europe 
and South America. 


Injection therapy in physiotherapy 
practice 


Injection therapy involves regular injections of 
benef cial substances which are administered by 
injection to intra- and extra-articular tissues and 
joint spaces, also including aspiration of joint 
spaces. 

Injection therapy has been formally accepted 
within the scope of physiotherapy practice since 
1995 in the UK for registered physiotherapists 
who frstly, have received and successfully com- 
pleted specific, appropriate supervised training 
and secondly, have been assessed and proved 
their competency in the administration of injec- 
tions in accordance with a Patient Group Direc- 
tion and recommendations issued by the CSP.***° 
Physiotherapists must prove their competency 
to practise by obtaining a qualif cation in injec- 
tion therapy from a recognized postgraduate 
institution. 

The Association of Chartered Physiothera- 
pists in Orthopaedic Medicine and Injection 
Therapy (ACPOMIT), a professional network 
recognized by the CSP, supports postgraduate 
education courses for physiotherapists and pro- 
motes high standards of practice. T he Orthopae- 
dic Medicine Seminars® (Stephanie Saunders; 
since 1995), the Society of Musculoskeletal 
Medicine (SOMM) and different universities in 
the UK (Cardiff, Coventry, Essex, Hertford- 
shire, Keele, Nottingham, Plymouth, Queen 
Mary, Southampton and ULCAN ) provide cred- 
ited courses and diplomas for injection therapy 
approved by the CSP (e.g. the Advanced Profes- 
sional Practice in Physiotherapy postgraduate 
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programme of Plymouth University includes 
a module on injection therapy). Entry quali- 
fcations include completion of specialist mus- 
culoskeletal training or postgraduate clinical 
experience in a musculoskeletal setting, prior to 
injection training. 

The SOMM has been training UK physio- 
therapists and doctors in injection therapy skills 
since 2000 through an advanced programme, 
validated as part of the Master’s degree in Mus- 
culoskeletal Medicine at Middlesex University in 
London. In 2013, the SOMM trained physio- 
therapists from outside the UK in injection 
therapy for the frst time in Norway. Other 
European countries are now expanding the scope 
of physiotherapy, creating a demand for estab- 
lished injection training courses. 

Injection therapy is an example of activities 
that have transferred from one professional 
group to another with the change of professional 
roles. Initially, it was doctors who trained physi- 
otherapists in injection therapy. In the UK, an 
audit of injections performed by physiothera- 
pists between 1999 and 2008 showed that it was 
a safe, cost-effective intervention for pain relief, 
especially for musculoskeletal conditions.*°*’ 

Injection therapy, when performed within 
the context of physiotherapy practice,**”' has 
several therapeutic purposes: (1) inflammatory 
pain from a range of orthopaedic and rheumato- 
logical conditions; (2) spasticity and dystonia due 
to arange of neurological conditions; (3) chronic 
headache with a musculoskeletal or neurological 
origin; and (4) bladder disorders in women’s 
health physiotherapy. 

T here are several different types of therapeu- 
tic injections that are used by physiotherapists in 
the UK.*® These are: corticosteroid injections, 
viscosupplementation with hyaluronic acid or 
Botulinum toxin A (Botox®), among others. 
Furthermore, the use of adjunctive guidance 
such as ultrasound or electromyography studies 
is recommended. The ACPOMIT included 
musculoskeletal ultrasound and _ ultrasound- 
guided injections. 

In 1999, the CSP published its frst clinical 
guideline for the use of injection therapy by 
physiotherapists. In 2008, the CSP, in collabora- 
tion with the Medicines and Healthcare prod- 
ucts Regulatory Agency and the Department of 
Health, produced a comprehensive review of the 
use of medicines in physiotherapy injection 
therapy in National Health Service settings.*° 

Since 1993, in the USA, the Maryland Board 
of Physical Therapy Examiners has approved 
trigger point injections by physiotherapists and, 
during the past 20 years, Maryland has been 
the only jurisdiction in the USA allowing 


physiotherapists to use trigger point injections, 
with no reports of adverse effects during this 
time. Ultrasound- guided trigger point injections 
for myofascial trigger points have good clinical 
results” ** based on the available evidence. In 
South Africa and Australia,’' physiotherapists 
also perform injections with botulinum toxin for 
the management of focal spasticity and dystonia. 
In Spain and Portugal, physiotherapists have 
been using mesotherapy since 2011. In other 
parts of the world, although the model practice 
act does not specifcally mention injection 
therapy, there is nothing specif cally to exclude 
these techniques. Indeed, physiotherapists are 
starting to use them as a type of advanced/ 
extended scope of practice.” 


1.2.2 Education and training 


Over time, the entry-level credential for physi- 
otherapy around the world has evolved to the 
current entry-level, master’s degree and doctor- 
ate study programmes. The credential progres- 
sion has been a response to advances within the 
profession and the increasing responsibilities 
undertaken by physiotherapists. 

The WCPT Guideline for Qualif cations of 
Faculty for Physical Therapist Professional Entry 
Level Programmes provides a professional foun- 
dation whereby the use of needles can be legiti- 
mately incorporated into physiotherapy practice. 
The interventions that may be used in curricu- 
lum development may include, but are not 
limited to, acupuncture and dry needling.” 

Needle techniques are safe procedures when 
conducted by trained and skilled practitioners 
and when appropriate precautions are taken to 
identify and manage adverse reactions or side 
effects occurring to patients. N eedle techniques, 
as advanced skills performed by the physiothera- 
pist, require postgraduate education and training 
programmes. Currently, in Australia, Canada, 
the UK and the USA, needle techniques are not 
specif cally included within entry-level educa- 
tion, requiring additional education and training 
after graduation.” '’? However other possibili- 
ties for approaching this subject are available; for 
example, several universities in Spain include 
initial training in dry needling within their 
entry-level education programmes, as part of 
physiotherapy training in subjects within their 
curriculum.'’''°* According to the federations of 
state boards’ in the USA, ‘it is not realistic to 
require a skill or activity to be taught in an entry- 
level program before it becomes part of a profes- 
sion’s scope of practice. If this were the standard, 
there would be few, if any, increases in scope of 
practice’. 
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The standards for postgraduate educational 
programmes are developed in close coordination 
with many universities and other postgraduate 
education companies in Europe, the USA, Aus- 
tralia, Canada and South Africa, among others. 
For example, in Spain, many universities (e.g. 
Alcala de Henares, Rovira 1 Virgili, Castilla-La 
Mancha) offer specialist certifcation pro- 
grammes in myofascial trigger point therapy, 
which include dry needling, and the University 
of San Jorge offers a Clinical Acupuncture 
programme for physiotherapists. Since 2012, a 
Master’s degree in Invasive Physiotherapy Tech- 
niques 1s taught by CEU San Pablo University in 
Spain. This is the premier postgraduate educa- 
tion course around the world, with an intensive 
and practitioner-oriented programme designed 
to acquire knowledge and develop skills and 
abilities to perform invasive techniques (acu- 
puncture, dry needling, PNE, mesotherapy, per- 
cutaneous electrical stimulation, percutaneous 
electrical nerve stimulation, musculoskeletal 
ultrasound) within the physiotherapist’s scope of 
practice. In the UK, Coventry University, H ert- 
fordshire University, Nottingham University, 
Queen Mary University of London and the Uni- 
versity of Essex, among others, and the Ortho- 
paedic Medicine Seminars® include injection 
therapy for physiotherapists as part of their con- 
tinuing education programmes. In the USA, 
KinetaCore® and Myopain Seminars® and 
GEMt® in Australia are postgraduate continu- 
ing education companies with a focus on myofas- 
cial pain syndrome, manual trigger point therapy 
and dry needling. In Portugal, the Master Physi- 
cal Therapy® company offers courses on acu- 
puncture, dry needling, PNE and mesotherapy. 
In Canada, for example, McMaster University 
has been offering the Contemporary Medical 
Acupuncture Programme for physiotherapists 
and other healthcare professionals since 1998. 


Recommendations for education and 
training in invasive (needle) techniques 


In preparation for this chapter, a thorough 
review of the physiotherapy curricula from rel- 
evant countries around the world was conducted 
to provide comparisons of educational pro- 
grammes, scope of practice, accreditation and 
practice environments. Specif cally, the situation 
in Canada,” the UK,” the USA,’’ Australia,”® 
New Zealand” and the European Union'®’ was 
analysed, generating the following recommen- 
dations in matters of education and training in 
invasive techniques: 
¢ Postgraduate education and training pro- 
grammes should include a theoretical and 


a practical component, as well as an assess- 
ment of theoretical knowledge and practi- 
cal skills. 

Local regulatory agencies should provide 
credits for postgraduate training pro- 
grammes, and establish a minimum number 
of face-to-face training hours (online study 
is not considered appropriate training), as 
a prerequisite for practice. In this sense, the 
physiotherapy entry-level education pro- 
gramme includes biological science, physi- 
cal science, behavioural science and clinical 
science. Currently, there is no apparent 
difference in the curricular content” '”° 
between academic programmes in Europe, 
including the UK, Canada, Australia, New 
Zealand and the USA and there is minimal 
variance in practice standards.'°? '°* The 
length of the minimal training required 
bears in mind the fact that the clinical rea- 
soning basis for invasive techniques (such 
as dry needling or contemporary acupunc- 
ture) does not differ from the knowledge in 
anatomy and neurophysiology that physi- 
otherapists already possess. Rather, the spe- 
cif cneedletechnique skillsare supplemental 
to that knowledge. For example, the AACP 
requires its membersto undergo aminimum 
of 80 hours of acupuncture training and has 
an additional strict code of practice, whereas 
advanced members have a minimum of 200 
hours of acupuncture training. Further- 
more, in 2003, a minimum of 80 hours of 
acupuncture training for physiotherapists 
was decided by consensus at a meeting of 
the IAAPT at the World Congress of Phys- 
ical Therapy in Spain. In another example, 
the CSP in the UK has set formal expecta- 
tions since 2011 as to training standards for 
the use of injection therapy in general. In 
Spain, the General Council for Physiother- 
apy Boards has established a minimal train- 
ing duration of 60—75 hours in courses on 
dry needling.'” In this sense, a recent 
study” was conducted to investigate the 
adverse events associated with dry needling 
when performed by physiotherapists. T his 
study revealed that the risk of a signif cant 
adverse event occurring due to dry nee- 
dling carried out by a physiotherapist was 
0.04% in 7629 dry needling treatments 
with 64 hours’ training. 

Training in invasive techniques should 
be an integrated educational continuum. 
This continuum should start at the 
entry-level programme and _ continue 
throughout postgraduate education and 
professional practice. The evidence 
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currently available" in tela 


tion to the safety and effectiveness of inva- 
sive techniques in physiotherapy practice 
should be included within entry-level phys- 
lotherapy curricula worldwide. Histori- 
cally, a similar situation has occurred with 


manual therapy techniques, including 
thrust and non-thrust mobilizations/ 
manipulations.**''° 


¢ Advanced courses must only be open to 
physiotherapists who are already using 
invasive techniques. 

¢ The course attendees should participate as 
both clinicians and patients because it is 
vital to have experienced these techniques 
before practising them on patients. 

¢ Local regulatory agencies should establish 
a register for physiotherapists formed 
in invasive techniques, as a prerequisite 
for practice. For example, the College of 
Physiotherapists of Ontario (Canada) has 
a roster (list) for each of the authorized 
activities that may be performed by physi- 
otherapists (e.g. acupuncture). This infor- 
mation is available on the public register 
and online, allowing patients to see which 
authorized activities a physiotherapist is 
qualif ed to perform (therefore promoting 
public conf dence) and also supporting the 
College’s assessment of competencies and 
practices. In the UK, all physiotherapists 
practising acupuncture should be eligible 
to join and maintain membership of the 
AACP. 


KEY POINTS 


Needling techniques must follow the practice 
guidelines taught on a recognized accredited 
training course. 


¢ Ongoing continuing professional develop- 
ment must be kept up to date in line 
with local regulatory requirements. Main- 
tenance of competency should be assessed 
annually by peer-assessed competency 
review. All trained physiotherapists should 
continue their education in invasive tech- 
niques via course work, conference attend- 
ance and by staying up to date with the 
literature. For example, members of the 
AACP are required to complete a stated 
minimum number of hours (10) of con- 
tinuing professional development each 
year in order to remain on the register. 
The Australian Society of Acupuncture 
Physiotherapists''' recommends comple- 
tion of 30 hours of continuing professional 


development in acupuncture or dry nee- 
dling every 3 years to remain competent in 
this f eld of practice. 

¢ ‘Life-long learning and professional devel- 
opment is the hallmark of a competent 
physical therapist, participation in con- 
tinuing education contributing to the 
development and maintenance of quality 
practice.” 


KEY POINTS 


Physiotherapists must have the knowledge, skill, 
ability and documented competency to perform 
needling techniques that are within the physio- 
therapy scope of practice. 


The Constitutional Court of Spain has high- 
lighted the link between the professional 
competencies and the training of graduates. 
Considering that health professions are by nature 
in constant evolution, there is no closed compe- 
tency prof le, but rather: 


the determination of the competency f elds is 
dosely linked to the content of the different 
training programmes, in the measure that it is 
via these programmes that the knowledge, 
attitudes, abilities and techniques that form 

the essential content of each speciality are 
determined and, thereby also their respective 

f elds of action. 


In this regard, statutes STC 187/1991'' and 
155/1997''* declare that the directive regulating 
study plans to obtain off cial titles must corre- 
spond with ‘the essential knowledge that must be 
learnt in order to obtain an off cial title that is 
valid in the entire national territory’. 


1.2.3 Physiotherapy practice 
and regulation 


Many practising physiotherapists around the 
world possess skills in the area of invasive tech- 
niques. These physiotherapists work in diverse 
felds, such as musculoskeletal, sports, respira- 
tory therapy, neurology, women’ health and 
animal physiotherapy. 

Physiotherapists employ a wide range of 
intervention strategies to reduce patients’ pain 
and improve function. Invasive techniques per- 
formed by physiotherapists are a manual therapy 
intervention that involves the use of needles. In 
our opinion, needles are a valuable tool to add 
to the physiotherapist’s toolbox, which includes, 
for example, the thumbs. According to our 
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clinical experience, it is one of the most powerful 
techniques at hand, therefore safe and precise 
use 1s necessary. For the same reason, these tech- 
niques must be considered as advanced scope 
and therefore must be performed by clinical spe- 
cialists or advanced practitioners. 

Within the scope of physiotherapy practice, 
invasive techniques are limited to areas of prac- 
tice for which the individual has received educa- 
tion and training and gained experience, and in 
which competency has been demonstrated. 


KEY POINTS 


Physiotherapists around the world use invasive 
(needle) techniques as part of their clinical prac- 
tice in combination with other physiotherapy 
interventions. 


Recommendations for physiotherapy 
practice and practice regulation 


¢ The physiotherapist performing needle 
techniques should have signif cant profes- 
sional experience and competency develop- 
ment. We recommend | year of practice as 
a licensed physiotherapist prior to using 
needling techniques. 

¢ Physiotherapists should perform invasive 
techniques in a manner that is consistent 
with generally accepted standards of 
practice’? '°* (patient informed consent, 
clean needle technique and universal pre- 
cautions) (see section 1.3) and guidelines 
developed by associations and entities 
responsible for the clinical practice of each 
country and at an international level. Such 
guidelines are intended to encourage high 
standards of practice and to reduce varia- 
tion in practice. For example, the CSP, the 
Australian Society of Acupuncture Physio- 
therapists and the Swiss Association of 
Dry Needling have developed guidelines 
for the application of acupuncture,''' dry 
needling'’’ and injection therapy*!'°!"’ 
by physiotherapists. 

¢ A Masters level qualifcation and/or 
advanced training in the relevant speciality 
area (e.g. musculoskeletal) are desirable. 

¢ Physiotherapists should only apply invasive 
techniques if they are completely sure that 
they can apply them to the best of their 
knowledge and ability. 

¢ Physiotherapists should only apply invasive 
techniques in areas of the body for which 
they have been trained. This is important, 
as in most countries there are short courses 


(2-3 days) taught at basic or introductory 
levels (e.g. dry needling). Our opinion is 
that it is necessary to establish a minimum 
standard for safe practice. 

¢ Physiotherapists must be vaccinated against 
hepatitis B (see section 1.6.15 on needle- 
stick injury). 

¢ Our recommendation is that recently 
trained physiotherapists in invasive tech- 
niques or professionals who have not prac- 
tised within the last 12 months must liaise 
with their local regulatory agencies in 
order to identify a mentor for the frst 6 
months of their practice. The professionals 
and the mentor should meet at least once a 
month to review practice and discuss clini- 
cal cases. 

¢ The physiotherapy practice should be 
covered by professional liability insurance 
cover, subject to the terms of the policy. 
The terms of most professional and public 
liability insurance covers (subject to the 
terms of the national policy of each country) 
provide coverage for members working 
within the scope of practice of physiother- 
apy. For example, dry needling or acu- 
puncture falls within the overall scope of 
the physiotherapy profession in the UK, 
Canada, Australia, New Zealand, South 
Africa, Brazil, Switzerland, Sweden, Spain 
and Portugal, among others. The CSP in 
the UK makes no further distinction as 
to what types of injections may be per- 
formed, beyond saying that only thera- 
peutic purposes are considered to be 
within scope. For example, in rule | of the 
Professional Conduct Code, the CSP!" 
establishes: 


Chartered Physiotherapists shall only practise to 
the extent that they have established and 
maintained their ability to work safely and 
competently and shall ensure that they have 
appropriate professional liability cover for that 
practice. 


¢ In some countries invasive techniques are 
not allowed within physiotherapy practice 
(for example, in France). It is the responsi- 
bility of the physiotherapists themselves to 
check the legal situation of the country in 
which they are practising. 

¢ Physiotherapists should limit the use of 
these modalities to the treatment of gener- 
ally accepted physical disorders within the 
scope of practice for physiotherapists (mus- 
culoskeletal, neuromuscular and cardiores- 
piratory systems). 
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KEY POINTS 


Physiotherapists are required to adhere to the 
regulatory requirements for the education and 
use of these interventions in the local/national 
jurisdiction in which they practise. 


In the absence of specific statutory or regu- 
latory prohibitions, it is within the scope of 
practice for physiotherapists to perform gener- 
ally accepted professional activities for which 
they have been prepared by entry-level educa- 
tion, appropriate continuing education, training/ 
experience, and for which they have demon- 
strated competency to perform safely and effec- 
tively. Physiotherapists must be prepared to 
accept responsibility and accountability. 


1.3 SAFETY MEASURES 


Needle techniques are usually a safe proce- 
dure,''’'?! with few contraindications and com- 
plications (see sections 1.5 and 1.6) in the hands 
of physiotherapists who have completed profes- 
sional training. However, they do carry a poten- 
tial risk for the patient, the professional and third 
persons (related to waste handling) (see section 
1.7). Many of the potential risks in relation to 
needle techniques are not associated with con- 
ventional physiotherapy treatments, such as the 
risk of infection or pneumothorax. For this 
reason, it is necessary to establish safety stand- 
ards in relation to these techniques. 


KEY POINTS 


Safety is the most important aspect of the care 
provided. Invasive techniques are a safe tech- 
nique for patients in the hands of physiothera- 
pists who have completed professional training. 


The correct and safe application of the punc- 
ture technique depends on the following condi- 
tions (similar to the practice of subcutaneous or 
intramuscular injections)'''!’?': 

¢ aclean work environment 


¢ hand hygiene on the part of the 
professional 

* correct preparation of the needle applica- 
tion sites 


¢ sterile needles and equipment and appro- 
priate storage 

¢ aseptic technique 

¢ careful manipulation and disposal of used 
needles. 


1.3.1 Clean and safe work space 
Treatment room 


The treatment room must meet the following 
standards: 
¢ It must have suffcient space to allow for 
safe practice. 
¢ It must be free from dirt and dust, have 
suff cient light and ventilation and have a 
special work area, for example, a table or 
tray, upon which the sterile equipment 
must be placed. 
¢ It must be constructed with materials that 
are washable and can be easily cleaned and 
disinfected, as required. 
¢ The room must have a facility located 
close by where needles can be disposed of 
safely. 


Protective clothing 


¢ Protective clothing must be worn, whether 
this be a lab coat or scrubs. 

¢ Professionals should wear protective work 
clothes while at the workplace, and remove 
them before leaving. 

¢ These work clothes must be cleaned sepa- 
rately from other domestic clothing, with 
hot water at 70°C for at least 25 minutes. 
Diluted bleach can be used for increased 
sanitizing. 

¢ Protective clothing contaminated with 
blood should be treated with hypochlorite 
solution (bleach) before laundering. 


Material 


¢ The disposable plinth covers must be 
changed with each new patient, even 
though they may appear clean. Another 
option is to cover the treatment bed with 
single-use paper towels. 


Clim atization system 


¢ The climatization system must guarantee 
the patient’s comfort and achieve a quality 
of air that is free from contaminating par- 
ticles and microorganisms as a result of 
appropriate fltration. Health work loca- 
tions must have highly effcient flter 
systems (not inferior to 85%) that flter all 
recirculated and fresh air. It is recom- 
mended that the f lters are changed at least 
every 2 years. 

¢ A temperature of 21—24°C and a relative 
humidity of 30% in winter and 50% in 
summer is recommended. 
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1.3.2 Hand hygiene 


Hand hygiene is considered the most important 
intervention to prevent transmission of infec- 
tious agents (bacteria, viruses, fungi, protozoa, 
prions) and professionals should receive educa- 
tion regarding the same. Several factors could 
contribute to the transmission of pathogens 
by healthcare workers (HCWs). The most 
obvious factor is failure of HCWs to clean their 
hands,'*° '*' and another is the improper use of 
gloves, 3)! 

The World Health Organization (W HO) Guide- 
lines on Hand Hygiene in Health Care'** provide a 
thorough review of evidence on hand hygiene in 
healthcare and specifc recommendations to 
improve practice and reduce the transmission of 
pathogenic microorganisms to patients and 
HCWs. Healthcare practitioners must adhere to 
the national safety guidelines and local legal 
requirements. 

The most important recommendations 
regarding needle techniques are as follows: 


Prior 


¢ Nails must be short (with nail tips less than 
0.5 cm long or approximately 4% inch) and 
clean. 
¢ Do not wear coloured nail polish or artif - 
cial nails. 
¢ Do not wear rings, bracelets or watches. 
¢ Shirt sleeves must be short or rolled up. 
Specifications for hand hygiene’**'°’ 
¢ Wash hands with soap and water when 
visibly dirty or visibly soiled with blood and 
after using the toilet. 
¢ Preferably an antimicrobial soap must be 
used, as regular soap eliminates visible 
dirt but is not effective in preventing 
antimicrobial activity. 
¢ Different forms of soap are acceptable 
(liquid, bar, leaf or powdered forms). 
W hen bar soap is used, small bars of soap 
in racks that facilitate drainage should be 
used to allow the bars to dry. 
¢ Hot water should not be used. Repeated 
exposure to hot water may increase the 
risk of dermatitis, resulting in more fre- 
quent colonization by pathogenic micro- 
organisms in the skin on the hands. 
¢ If hands are not visibly soiled, use an 
alcohol-based handrub as the preferred 
means of routine hand antisepsis: before 
and after touching the patient, immediately 
prior to performing any needle technique, 
regardless of whether gloves are used, and 
after removing gloves. If alcohol-based 


handrub is not obtainable, wash hands with 

soap and water. 

¢ Alcohol-based handrubs should contain 
60-95% alcohol alone, or 50-95% when 
combined with small amounts of a qua- 
ternary ammonium compound, and hex- 
achloropheneor chlorhexidine gluconate. 
T his reduces bacterial counts on the skin 
immediately postscrub more effectively 
than other agents. 

¢ Soap and alcohol-based handrubs should 
not be used concomitantly. 

¢ Hands should be dried using individual 
paper towels, rather than the roll type or 
hanging paper towels. Multiple-use cloth 
towels are not appropriate. Reusing or 
sharing towels should be avoided because 
of the risk of cross-infection. 

¢ Carefully dry the hands. Wet hands are a 
critical factor contributing to acquiring and 
spreading microorganisms associated with 
contact via touch after hand cleansing. 

¢ Use hand lotions or creams to minimize 
the occurrence of irritant contact dermati- 
tis associated with hand antisepsis or 
handwashing. 

¢ The workplace should have suff cient hand 
hygiene facilities. 

Hand hygiene technique'’**'*® 
Handwashing with soap (f gure 1.1) 

1. Wet hands with water and apply enough 
soap to cover all hand surfaces. 

2. Rub hands for at least 15 seconds, covering 
all surfaces of the hands, fngers and 
fngernails (the subungual region, in par- 
ticular, harbours a greater number of 
microorganisms than other areas of the 
hands. T his area is often neglected during 
routine hand cleansing). 

3. Rinse hands with water. 

4. Dry hands thoroughly with a single-use 
towel. 

5. Use towel to turn off the faucet and then 
dispose of it in a bin. 


Handrubbing (f gure 1.2) 
1. Apply a palm full of alcohol-based handrub 
in a cupped hand, covering all surfaces. 
2. Rub hands — palms, f ngers and f ngernails 
— for at least 15 seconds. 
3. Leave to dry. 


KEY POINTS 


Hand hygiene still remains the basic and most 
effective measure to prevent pathogen transmis- 
sion and infection. 
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HAND HYGIENE TECHNIQUE WITH SOAP AND WATER 
oO Duration of the entire procedure: 40-60 seconds. 


1 2 





Apply enough soap to cover 
Wet hands with water. all hand surfaces. Rub hands palm to palm. 


J 


Backs of fingers to opposing palms 
with fingers interlocked. 





Right palm over left dorsum with 


interlaced fingers and vice versa. Palm to palm with fingers interlaced. 





Rotational rubbing, backwards and 
forwards with clasped fingers of right Rinse hands with water. 


hand in left palm and vice versa; 
| s ") 


Use towel to turn off faucet. Your hands are now Safe. 


Rotational rubbing of left thumb 
clasped in right palm and vice versa. 





Dry hands thoroughly with 
a single use towel. 


FIGURE 1.1 =» Handwashing with soap. (Reproduced, with the permission of the publisher, from the WHO Guidelines 
on Hand Hygiene in Health Care. Geneva, World Health Organization, 2009 (Fig. II.2, page 156 http://whqlibdoc.who. int/ 
publications/2009/9789241597906 eng.pdf, accessed 20 April 2013).) 
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HAND HYGIENE TECHNIQUE WITH ALCOHOL-BASED FORMULATION. 
Oo Duration of the entire procedure: 20-30 seconds. 


NO 


la 





Apply a palmful of the product in a cupped hand, covering all surfaces. Rub hands palm to palm. 


nn 


ce, 





Right palm over left dorsum with 
interlaced fingers and vice versa. 


Backs of fingers to opposing palms 


Palm to palm with fingers interlaced. with fingers interlocked. 





Rotational rubbing, backwards and 
forwards with clasped fingers of right Once dry, your hands are safe. 
hand in left palm and vice versa; 


Rotational rubbing of left thumb 
clasped in right palm and vice versa. 


FIGURE 1.2 =» Handrubbing. (Reproduced, with the permission of the publisher, from the WHO Guidelines on Hand 
Hygiene in Health Care. Geneva, World Health Organization, 2009 (Fig. IL1, page 155 http://whqlibdoc.who.int/ 
publications/2009/9789241597906 eng.pdf, accessed 20 April 2013).) (Colour version of figure is available online). 


1 INVASIVE TECHNIQUES IN PHYSIOTHERAPY: GENERAL CONCEPTS 19 


1.3.3 Gloves 


Medical gloves used by professionals during 
invasive techniques are recommended for two 
main reasons: 

1. To reduce the risk of contaminating pro- 
fessionals’ hands with blood. In this regard, 
the US National Institute for Occupa- 
tional Safety and Health Administration 
mandates that gloves be worn during all 
patient-care activities involving exposure 
to blood and body fluids.’*’ The risk of 
transmission is related to the degree of 
blood exposure or frequency of needle 
exposure, and not to patient contact per se. 
If it is reasonably expected that the profes- 
sional may have hand contact with blood 
when the needles are inserted or removed 
(e.g. dry needling, PNE, PNT, injection 
techniques), wear gloves. 

2. To reduce the risk of germ dissemination 
to the environment and of transmission 
from the professionals to the patient and 
vice versa, as well as from one patient to 
another. In no way does glove use modify 
hand hygiene indications or substitute for 
hand hygiene, washing with soap and water 
or handrubbing with an alcohol-based 
handrub. In this sense, the risk of pathogen 
transmission via unused non-sterile gloves 
has been demonstrated in a recent study'”’; 
the unused gloves were contaminated prior 
to use due to contact with an unclean 
HCW’ hands. 


KEY POINTS 


Examination gloves are recommended in clinical 
situations where there is a possibility of touching 
blood. 


KEY POINTS 


Gloves represent a risk for pathogen transmis- 
sion and infection if used inappropriately. 


Amongst professionals (especially acupunc- 
ture practitioners) there is a debate regarding ‘to 
glove or not to glove’ for several reasons: 

¢ Standard puncture needles (acupunture 

needles or similar; a solid, fliform needle) 
are very fne and need fngertip control. 
Wearing gloves when handling needles 
could prove to be hazardous because the 
needles cannot be properly controlled with 
a gloved hand. 


¢ The use of gloves during the insertion of 
needles increases the risk of a needlestick 
injury due to clumsiness caused by the 
gloves. 

¢ Gloves may hamper the ability to place 
needles safely into a container, as many 
needle handles stick to latex. 

¢ Gloves provide protection from blood and 
body fluids but do not protect against a 
needle penetrating the latex or vinyl barrier. 

¢ The risk of infection and transmission is 
considered to be minimal. 


KEY POINTS 


The use of gloves does not prevent accidental 
injuries by direct puncture. 


The AACP recommends that disposable 
gloves need only be worn if one of the following 
applies: 

¢ The patient is bleeding profusely. 

¢ Vomit/urine is present. 

¢ The patient has a known contagious 
disease. 

¢ The therapist has lesions on the hand which 
cannot be covered with a _ waterproof 
dressing. 

¢ The therapist is handling blood-soiled 
items, body fluids, excretions or secretions. 

In any case, three factors must be considered: 

1. Hypodermic and acupuncture needles are 
completely different with regard to their 
uses and handling techniques. In many 
cases, infection control off cers have devel- 
oped standardized nursing and medical 
procedures and rules (such as with intra- 
muscular or intravenous injections). It is 
therefore important to understand the dif- 
ferences between these. For instance, the 
risk of bleeding is greater with hypodermic 
needles, as these always have a greater 
diameter together with a bevelled tip that 
causes a greater skin lesion. For this reason, 
gloves must be used during any injection 
therapy technique. 

2. The risk of exposure to blood will depend 
on the type of local stimulation; in other 
words, the needle insertion and manipula- 
tion technique. For instance, if deep dry 
needling is performed, the risk of bleeding 
is greater in comparison to superf cial dry 
needling. 

3. In techniques with less risk of bleeding, 
such as acupuncture techniques, the great- 
est risk exists when removing needles; 
therefore gloves should be used at least 
during this part of the treatment. 
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Indications for the use of gloves 


¢ Gloves should be single-use. It 1s not advis- 
able to reuse gloves. 

¢ Non-sterile gloves are recommended. 

¢ Use natural rubber latex or synthetic non- 
latex materials such as vinyl, nitrile and 
neoprene. Latex-free gloves should be used 
for HC Ws and with patients with a known 
latex sensitivity or allergy. Vinyl gloves are 
an alternative because they have less stick- 
ing power. 

¢ The use of gloves does not replace 
handwashing. 

¢ Gloves must be disposed of after use and 
discarded in the container for sanitary 
waste. 

¢ Hands must be washed after removing the 
gloves. 

¢ If a glove breaks, remove it and, after 
washing and drying the hands again, put on 
a new pair. 

¢ Shear forces associated with wearing or 
removing gloves and allergy to latex pro- 
teins may also contribute to dermatitis of 
the hands. 

¢ Use a glove box that has a flap covering the 
Opening in order to reduce contamination 
via unused non-sterile gloves. 


Procedure 


How to put on and take off non-sterile gloves 
(fgure 1.3). Our recommendation is that the 
use of gloves be consistent with universal precau- 
tions recommended by disease control experts in 
order to provide the best protection for both the 
professional and the patient. 


1.3.4 Preparation of the application 
sites for needling 


¢ The application sites must be clean and 
without cuts, wounds or infections. 

¢ Ifskin is swabbed, use an individually pack- 
aged swab of isopropyl alcohol or ethanol 
or an antiseptic spray, from the centre 
towards the surrounding area, scrubbing 
using a rotating movement and leaving the 
alcohol to dry. 

¢ Clean visibly dirty skin with clean water 
and dry the skin carefully with individual 
paper towels or clean cotton cloths. 

¢ Ensure skin is free of oils, creams and 
lotions. 


1.3.5 Puncture technique 
Aseptic technique 


¢ The use of disposable gloves is recom- 


mended to facilitate the manipulation of 
needles without contamination. 

The needles must be manipulated in a 
manner that avoids the professional’s 
fngers touching the shaft. With longer 
needles, the shaft must be maintained 
steady on the insertion point using cotton 
or manipulation techniques with a guide 
(see chapter 2, f gures 2.13 and 2.14). 

T he use of containers with multiple needles 
is not recommended, as this increases the 
risk of touching the needle shafts (see 
chapter 2, f gures 2.5d and 2.5e). 

Apply pressure on to the insertion point 
using cotton wool or sterile gauze when 
withdrawing the needle from the skin, thus 
protecting the patient’ open skin surface 
from contact with possible pathogens, and 
protecting the professional from exposure 
to the used needle shaft and the patient’ 
bodily fluids. All the compresses or cotton 
wool balls that are contaminated by blood 
or bodily fluids must be removed in a 
special container for infected waste. 

If a needle comes into contact with bone or 
perforates the joint capsule, withdraw it 
and replace it with another to avoid possi- 
ble infection. When applying PNE, give a 
minimal dosage due to the antibacterial and 
germicidal properties of the technique 
itself. 

Use bleach to disinfect immediately any 
blood stains affecting the clinical material 
or other material in the treatment room, 
such as the plinth. The beginning of an 
infection can be due to an accidental stick 
or contact with the patient’s blood via the 
professional’s skin erosions. The skin has 
small invisible wounds and microlesions 
which make the epithelial layer lose its 
continuity. 

Use a high-level disinfectant to immedi- 
ately clean any surface that has been con- 
taminated with blood or body fluids. 
Practitioners are reminded that viruses 
such as hepatitis B can survive on surfaces 
at room temperature for 1 week or more. 


KEY POINTS 


The needle shaft must be kept in sterile 
conditions. 
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|. HOW TO DON GLOVES 
1 2 oe 3 





aaa ee eT 
| EXAMINATION GLOVES 





Touch only a restricted surface of the 
glove corresponding to the wrist (at 
Take out glove from its original box. the top edge of the cuff). Don the first glove. 





4 
aaa 
EXAMINATION GLOVES | . | . 
——EEEEEEes To avoid touching the skin of the 
foream with the gloved hand, turn 
Take the second glove with the bare the external surface of the glove to Once gloved, hands should not touch 
hand and touch only restricted be donned on the folded fingers of anything else that is not defined by 
surface of glove corresponding to the the gloved hand, thus permitting to indications and conditions for glove 
wrist. glove the second hand. use. 
Il. HOW TO REMOVE GLOVES 





Hold the removed glove in the 


Pinch one glove at the wrist level to gloved hand and slide the fingers of 
remove it, wothut touching the skin the ungloved hand inside betwen 
of the forearm, and peel away from the glove and the wrist. Remove the 
the hand, thus allowing the glove to second glove by rolling it down the 
turn inside out. hand and fold into the first glove. Discard the removed gloves. 
A 


Then perform hand hygiene by rubbing with an 
alcohol-based handrub or by washing with soap and water. 


014,013 


FIGURE 1.3 = How to put on and take off non-sterile gloves. (Adapted, with the permission of the publisher, from the 
WHO Guidelines on Hand Hygiene in Health Care. Geneva, World Health Organization, 2009 (Fig. 1.23.2, page 141 http:// 
whqlibdoc.who.int/publications/2009/9789241597906 eng.pdf, accessed 20 April 2013).) (Colour version of figure is 
available online). 
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Asepsis of the probe or 
ultrasound transducer 


¢ In ultrasound-guided processes (see chapter 
7, section 7.4.2), the contact surface of the 
transducer with the patient’ skin must be 
covered with a protective sleeve (probe 
covers) to avoid the contamination of the 
same with bleeding. 


1.3.6 Sterilization and storage 
of needles 


¢ In all cases, the use of disposable needles 
and guide tubes is recommended (see 
chapter 2). However, the use of these kinds 
of needles does not mean that the adoption 
of aseptic techniques in other aspects of 
clinical practice can be overlooked. 

¢ Check the expiry dates of sterile needles 
before use and make sure the packages are 
intact. 

¢ The package should be opened just before 
use to prevent contamination. 

¢ All disposable needles must be discarded 
immediately after use and disposed of in a 
special container (see section 1.7). 

¢ Perform a single puncture with a needle, 
rather than several punctures in different 
points. 

¢ In acupuncture, it is common to place the 
needles in metallic trays, or trays made of 
cardboard and plastic. These must be ster1- 
lized at the end of the day or disposed of, 
as they can become contaminated if used 
during treatment. 

¢ In acupuncture, plum blossom needles, or 
seven-star needles can be used repeatedly 
on the same patient, but must be sterilized 
before use on another patient, or disposable 
plum blossom heads must be used. 

¢ If any blister pack (see chapter 2) remains 
open, the needle must be disposed of. 


KEY POINTS 


Check each package for tears or damage. 


1.3.7 Transducer cleaning 
and disinfection 


¢ Cleaning and disinfection of probes should 
be performed before use and between 
patient exams. 

¢ Cleaning is the removal of all visible soil 
or contaminants from the ultrasound 
transducer. After every exam, ensure the 


acoustic coupling gel is completely wiped 
off the probe. Transducers should not be 
left soaking in gel. Use a lint-free soft and 
clean dry cloth or wipe to dry the probe 
thoroughly. 

¢ After cleaning the transducer, wipe or spray 
the transducer with alow- and intermediate- 
level disinfectant. Disinfectant products 
may damage or discolour the transducer. 
Disinfectant products should be as close to 
neutral pH as possible. Transducers must 
not be soaked in isopropyl alcohol (rubbing 
alcohol). This will cause damage to the 
transducer. An acceptable cleaning process 
would be to wipe only the distal tip of the 
transducer (housing) with a cloth damp- 
ened with isopropyl alcohol solution (only 
70% alcohol or less). The use of any type 
of brush is not recommended as bristles 
may damage lens materials. 

¢ Do not use any alcohol or alcohol-based 
products on the cable. Use a soft cloth 
lightly dampened in a mild soap or a deter- 
gent solution to clean the cable and the 
connector. 


1.3.8 Training in resuscitation 
measures 


It is important for the professional to have the 
knowledge and skills necessary to perform an 
emergency cardiopulmonary resuscitation and 
be able to employ instrumental measures such as 
the Guedel airway tube or the Ambu bag. The 
professional should also be able to administer an 
adrenaline injection (e.g. EpiPen®) in the case 
of an anaphylactic reaction, as the result of a 
complication. 


1.4 APPUCATION CRITERIA 


1.4.1 Training 


Needle techniques are within the profession’s 
authorized scope of practice but are not consid- 
ered entry-level. They require additional educa- 
tion and appropriate training. See section 1.2.2. 


1.4.2 Professional and public 
liability insurance 


In order to practise invasive techniques, physi- 
otherapists need to be able to demonstrate 
adequate training and competency in _ the 
technique (e.g. dry needling, acupuncture) and 
that they have appropriate professional liability 
cover for that practice in a _ local/national 
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jurisdiction where needling techniques are con- 
sidered within the scope of physiotherapy prac- 
tice. See section 1.2.3. 


1.4.3 Informed consent 


It is necessary to inform patients of the proce- 
dure and request their informed consent (see 
section 1.8) before applying the technique. The 
authors’ recommendation is that this should be 
in writing. 


1.4.4 The workplace 


The application of invasive physiotherapy tech- 
niques should be performed in a place designed 
for this purpose, and which allows the treatment 
to be personalized in ideal conditions of visual 
and auditory intimacy. 


1.4.5 Patient positioning 


¢ The patient must be in a comfortable posi- 
tion and lying down (side lying, prone or 
supine). The sitting or standing positions 
are forbidden in order to guarantee the 
patient’s safety in the event of an unex- 
pected movement or fainting. 

¢ The use of pillows and roll cushions is 
advised in order to ensure a relaxed patient 
position. 

¢ Whenever possible, the patient’ position 
should allow the professional to see the 
patient’s face for feedback. In any case, ver- 
bal communication with the patient should 
be sought in order to assess the patient’s 
response to the invasive procedure. 


KEY POINTS 


The application of invasive physiotherapy tech- 
niques 1s contraindicated in sitting and standing. 


1.4.6 Information regarding 
the procedure 


Prior to the application of the technique it is 
necessary to inform the patient that single-use, 
sterile, disposable needles will be used, as well as 
to explain the procedure of needle insertion, the 
application of needle stimulation (for example, 
via manual stimulation or electrical stimulation), 
and forewarn of the possibility of transient 
symptoms appearing during and/or after treat- 
ment. Patients should be advised to stay still and 
avoid abruptly changing their position during 
the invasive procedure, as this could cause the 


professional to lose control over the needle. T his 
is especially important in any procedures taking 
place in the trunk structures (for example, the 
inferior trapezius) in order to reduce the risk of 
pneumothorax or rupture of the needle. Along 
these lines, it is important to assess the patient’ 
mental condition. 


KEY POINTS 


During the procedure, warn patients against per- 
forming sudden movements that may cause 
needlestick injuries. 


1.4.7 Application 


¢ The application of the invasive technique 
must be performed following the safety 
rules established for this purpose (i.e. clean 
needle technique; see section 1.3). 

¢ Allow enough time to carry out procedures 
safely. 

¢ Have aclear treatment plan. 

¢ Have appropriate knowledge of the rele- 
vant anatomical structures, such as the 
areas of vasculonervous conflict, the organs 
(liver, kidneys, lung) and pleura in order to 
be aware of any associated precautions 
required when needling and ensure that the 
techniques of invasive physiotherapy are 
provided with safety (see chapter 2). 

¢ Insert the needle using the proper angle 
and depth and adjust the needle in response 
to the patient’ reaction. 

¢ The treatment intensity must adapt to the 
patient’s tolerance (especially if this is the 
patient’s frst experience) and also consider 
the clinical picture and the individual char- 
acteristics of each person (e.g. age, body 
shape, associated illnesses such as diabe- 
tes'*'). The parameters that can be used as 
criteria for controlling the application are: 
the total number of needle insertions per 
structure, the number of structures (e.g. 
muscle, tendon) treated in a single session, 
the intensity of the techniques, the stimula- 
tion and the amount of local twitch 
responses, the application time. In any case, 
after the f rst session it is necessary to assess 
the patient’s response to invasive treatment 
in order to plan the following sessions. It is 
also helpful to gather feedback from 
patients regarding any previous invasive 
physiotherapy treatments they may have 
received (see chapter 2, table 2.7). 

¢ The physiotherapist must maintain active 
communication with the patient during 
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treatment. Patients must be monitored 
during the treatment session and must not 
be left alone in the treatment area. 

¢ Have adequate support or know how to 
respond in the event of an adverse reaction. 


KEY POINTS 


The patients response to invasive treatment 
must be analyzed after the frst session in order 
to plan the following sessions. 


1.4.8 Postapplication 


¢ After the application of techniques that 
involve needle manipulation, perform hae- 
mostasis on the area for 30-60 seconds. 

¢ Ifasmall amount of bleeding appears after 
this application, apply pressure and clean 
the area with alcohol. 

¢ Patients should be allowed suff cient time to 
rest and recover safely after treatment, espe- 
cially if they feel drowsy and are driving. 

¢ Massage or heat should not be applied to a 
site immediately after a puncture technique 
due to the potential for an increased risk of 
infection at the site. 

¢ The patient must receive the necessary tips 
and instructions in order to guarantee a 
continuity in the care process (for example, 
perform stretches or eccentric exercises) 
and in order to minimize the risks (such as 
letting 24 hours pass after the treatment 
before bathing in a pool or in public baths, 
due to the risk of infection). 

¢ In the case of needling techniques per- 
formed on the trunk muscles, patients must 
be warned of pneumothorax symptoms, 
especially if they are going to be exposed to 
exercise and/or important changes in pres- 
sure, such as flying or scuba diving. 

¢ Explain the use of indwelling needles 
(including tacks) and the procedures for 
their retention, removal and disposal. 


1.5 INDICATIONS AND 
CONTRAINDICATIONS 


1.5.1 Indications 


The general indications of invasive physiother- 
apy techniques include the treatment of pain and 
other symptoms associated with dysfunction of 
the musculoskeletal, neurological and cardiovas- 
cular systems. Specif cally, these are described in 
the chapters on dry needling, acupuncture, mes- 
otherapy, intratissue percutaneous electrolysis 


(EPI® technique), PNT, high-volume image- 
guided injections and injection techniques (see 
chapters 8-19). 

In any case, the physiotherapist must perform 
an assessment and physiotherapy diagnosis in 
order to determine the suitability of the invasive 
physiotherapy techniques for each individual 
patient. 


KEY POINTS 


Before applying any invasive physiotherapy 
technique it is essential that the physiotherapist 
performs an assessment and _ physiotherapy 
diagnosis. 


1.5.2 Contraindications 
Absolute contraindications 


Invasive physiotherapy techniques must not 
be performed under the following circum- 
stances''!!?!: 
¢ extreme fear of needles (belonephobia). 
¢ patients with coagulation alterations (deep 
punctures must be avoided). 
¢ history of adverse reaction to needles (or 
intramuscular or intravenous injections). 
¢ in a lower limb with lymphoedema, as this 
increases the likelihood of infection. 
¢ patients who are hesitant to receive the 
treatment based on their own fears or 
beliefs. 
¢ in cases when informed consent cannot be 
obtained due to diff culties regarding com- 
munication and comprehension or related 
to the age of the subject (underage). 
¢ in situations of medical emergency. In these 
cases, frst aid must be applied and trans- 
port must be arranged to a medical facility 
with emergency care. 
When treatment is contraindicated, it is impor- 
tant for the physiotherapist to respect this cir- 
cumstance and not become persuaded by an 
enthusiastic patient who demands one of the 
invasive techniques. 


Relative contraindications 


Once the absolute contraindications have been 
assessed, consider the relative contraindications. 
T he professional must evaluate suitability accord- 

ing to the risk—benef t relation. 
¢ disorders of the immune system: these 
patients are more susceptible to infection: 
° patients with immunodepression or 
immunosuppression illnesses (e.g. cancer, 
hepatitis, human immunodef ciency 

virus [HIV]). 


1 INVASIVE TECHNIQUES IN PHYSIOTHERAPY: GENERAL CONCEPTS 25 


¢ patients who have received immunosup- 
pressive treatment or cancer therapy. 

¢ weakened patients, or those with a 
chronic illness. 

* acute immune system disorders (for 
example, acute states of rheumatoid 
arthrosis). 

coagulation disorders: the application of 
needles should be avoided in patients with 
haemorrhagic disorders or coagulation dis- 
orders, or in people who are receiving anti- 
coagulation therapy or who take medicine 
that has an anticoagulant effect. 

vascular pathology, as these patients can be 

more susceptible to bleeding or infection. 

diabetes: the repair process of the tissues 
may be compromised and there may be 
worse peripheral circulation. 

pregnancy: especially during the frst 3 

months of pregnancy, and after this period, 

whenever the area to be treated may affect 
the fetus. 

¢ traditional acupuncture texts note a 
variety of points (LI4, SP6, GB21, BL32, 
BL60 and BL67) that are forbidden 
during early or midterm pregnancy, as 
they are believed to ‘dispel the fetus’. 
However, there is no known published 
report linking acupuncture treatment 
with abortion or miscarriage.'*” There is 
evidence to indicate that acupuncture 1s 
effective in treating pregnancy-related 
back and pelvic pain, and should be con- 
sidered as an arguably safer alternative to 
analgesic medication.'**!** 

patients who have diff culty communicat- 
ing their sensations properly. 
epilepsy, especially unstable epilepsy. 
allergy to metals (especially nickel): needles 
of other materials can be used or with a 
Teflon® coating. 
allergy to latex gloves: gloves made with 
another material can be used. 
areas with erosions or wounds. 
children: informed consent is necessary of 
the parents or guardian. It is recommended 
not to apply invasive physiotherapy tech- 
niques in children under 13 years of age. 
caution in the puncture of joints due to the 
risk of infection. 
prosthetic implants. 
implants and electrical devices. 
malignant tumours or in their proximity. 
However, acupuncture can be used as a 
complementary measure combined with 
other treatments for the relief of pain and 
other symptoms in order to reduce the side 
effects of chemotherapy and radiotherapy 
and therefore to improve quality of life. 


1.6 COMPUCATIONS: 
ACCIDENTS AND ADVERSE 
REACTIONS 


The potential risk of invasive techniques 
demands that the professional be knowledgeable 
regarding the complications and associated 
adverse effects, as well as preventive strategies 
and measures to take when these occur. 

There are no references to date that have 
analysed the complications and adverse effects 
for most techniques that are encompassed under 
the term ‘invasive physiotherapy’, except for 
acupuncture, '°’ dry needling® and inf Itra- 
tions.'°'!°? Although acupuncture differs from 
dry needling and percutaneous needle electroly- 
sis in terms of the underlying foundations, objec- 
tives and clinical applications, all these techniques 
use a solid puncture needle and, therefore, the 
acupuncture studies on safety may help to estab- 
lish a similar context. T he adverse effects studied 
in the case of infltrations are similar to those 
obtained with mesotherapy: both techniques use 
a hollow needle and are based on the injection 
of a drug (homeopathic or allopathic). The 
adverse effects may be termed side effects, when 
judged to be secondary to a main or therapeutic 
effect. 

T he Cochrane systematic review on acupunc- 
ture treatment for migraine’? indicates that 
fewer adverse effects and fewer dropouts were 
found in patients treated with acupuncture 
compared to groups receiving pharmacological 
treatment. 

It is important to classify and quantify the 
adverse effects associated with puncture tech- 
niques. Their severity can be classifed as mild 
(minor), signif cant or serious (major), according 
to the following criteria: 

¢ mild (minor): reversible, short-lived and do 

not seriously inconvenience the patient 

¢ signifcant: requiring medical attention 

or interfering with the patient’ normal 
activity 

¢ serious (major): requiring hospital admis- 

sion (or prolongation of current hospital 

stay) and resulting in persistent or signif - 

cant disability/incapacity or death. 
Several large-scale observational studies have 
provided convincing evidence that acupuncture 
is a safe intervention.'7°'7°!*7'%:!>* Reports of 
serious adverse effects (major) such as pneumot- 
horax or breakage of the needle are extremely 
rare (0.1-1%).'** However, 8-11% of patients 
report mild (minor) adverse effects such as pain 
throughout the puncture and postpuncture, 
bleeding and bruising, followed by vegetative 
symptoms.” !°° 
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KEY POINTS 


The most common adverse effects include post- 
needling soreness and minor haematomas. 


Other complications or adverse effects, such 
as drowsiness, weakness, worsening of the pain, 
headache, nerve irritation, cellulite, needle 
allergy, anxiety, panic, euphoria, hyperaesthesia, 
diff culty talking, asthma attack, abortion, angina 
pectoris or damage to metal implants, are less 


common. 


KEY POINTS 


The dangers are limited and the probability of 
these events occurring is rare. In most cases, 
provided safety measures are followed, they are 
mostly avoidable. 


T he most common adverse effects, complica- 
tions and accidents are described in the follow- 
ing sections, together with those that are the 
most serious (table 1.1). 


1.6.1 Pain 


During needle insertion 


The presence of pain during needle insertion is 
usually due to incorrect technique or poor han- 
dling skills on the part of the professional, or the 
use of inappropriate needles.'”’ Pain can also be 
experienced by highly sensitive patients. In most 
patients, a skilful and rapid needle insertion into 
the skin is painfree. 

It is important to distinguish between 
the ‘acupuncture sensation’ characterized by 
burning, tingling and heaviness, indicating the 
arrival of De-Qi to the point (see chapters 2 and 
15) and reactions of actual pain. 


Postinsertion 


The pain that appears when the needle is deeply 
inserted within the tissues can be due to contact 
with nerve fbres that are pain receptors (see 
chapter 2). In this case the needle must be with- 
drawn until it lies immediately below the skin 
before being carefully reinserted again in another 
direction. This may also be due to the patient 
moving and causing the needle to move. After 
insertion, ‘silence’ must be sought. In other 
words, the feeling of pain must disappear, so that 
if patients are not directly observing the needle 
they would not realize that 1t was inserted into 
the skin. If the sensation persists, or if the pain 
is of a throbbing nature, or generates other 
symptoms, the needle must be withdrawn. 


After needle withdrawal 


T his is often due to inexperienced manipulation 
or excessive stimulation. In techniques such as 
dry needling or PNE over myofascial trigger 
points, postneedling soreness is common during 
the frst 24-48 hours, occasionally lasting up to 
4 days. 


Prevention strategies 


¢ The correct insertion technique (see 
chapter 2) and the optimal degree of applied 
force must be perfected until the ultimate 
painfree technique is achieved. 

¢ Use a guide tube to minimize pain during 
insertion (see chapter 2). 

¢ Use silicone-coated needles or needles with 
a polished shaft and a cone-shaped tip in 
order to improve needle manipulation and 
reduce pain (see chapter 2). 

¢ Apply pressure on the area after the needle 
approach. This can reduce the local sensi- 
tivity that appears after treatment. 

¢ The patient’ response must be closely 
monitored at both a verbal and non-verbal 
level. 


Measures to be taken 


¢ Apply cold locally and compress the area to 
minimize pain. 


1.6.2 Bleeding 


The bleeding provoked by invasive techniques 
consists of a minor blood effusion that occurs 
after the needle is withdrawn. T his is one of the 
more frequent adverse reactions and is of minor 
importance. It usually involves a minimal amount 
of bleeding that is rapidly controlled. 


Prevention strategies 


¢ Carry out haemostasis. 

¢ Take care in patients with an abnormal ten- 
dency for bleeding (e.g. treatment with 
anticoagulants, thrombocytopenia). 

¢ Avoid varicose veins. 


Measures to be taken 


¢ Using cotton wool or a sterile gauze, apply 
pressure to the point where the minor 
bleeding appears in order to promote 
haemostasis. 

¢ Apply cold locally and compress the area in 
order to minimize the bruising. 


TABLE 1.1 
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Summary of the most common complications and the most common 


(minor) and most serious (less frequent) adverse effects 





Adverse effects 


Bleeding 


Bruising 
Pain during 
insertion 


Pain postinsertion 


Needle breakage 


Pneumothorax 


Symptoms/signs 


Minor 


Minor 
Minor 


Minor 

Lasting from | hour 
to 2 days, but 
occasionally for 
up to 4 days 

Significant 


Serious 


Shortness of breath 

Chest pain 

Dry cough 

Decreased sounds 
under auscultation 

These symptoms 
may not appear 
until several hours 
posttreatment, 
therefore patients 
must be warned, 
especially if they 
are going to be 
exposed to 
exercise and/or 
important changes 
in pressure, such 
as flying or diving 


Prevention 


Haemostasis 

Precaution in patients with 
an abnormal tendency for 
bleeding (6.8. treatment 
with anticoagulants, 
thrombocytopenia) 

Avoid varicose veins 


Observe the patient’s 
response: verbal and 
non-verbal 
communication 

Haemostasis in the 
puncture region 

Combined stretch with the 
application of cold 


Always use single-use 
needles (never use the 
same needle repeatedly) 

The quality onthe needles 
is important. All needle 
packaging should be 
CE-m arked 

Leave approximately 1 cm 
of the needle shaft 
poking outside the skin 


Apply puncture techniques 
On Ome Side OF the chest 
only 

Have a perfect knowledge 
Of the feleremce poms on 
the pleura and the 
supraclavicular fossa 

The insertion of the needle 
through the wall of the 
thorax and into the lungs 
is extremely painful, 
much more so than the 
normal pain associated 
with puncturing the 
thoracic wall 

When this type of pain is 
generated during a 
PURCIUTe 1M the area oF 
the thoracic wall, use a 
stethoscope to assess a 
possible decrease in the 
sound of the lung 


Measures to be taken 


Using sterile cotton wool, 
apply pressure to the point 

Local ice application to 
minimize bruising 


Avoid the sensation of acute 
pain and burning by 
immediately withdrawing 
the meedicinumese cases 

Apply local cold and 
compression to the area to 
minimize the pain 


Advise the patient to stay 
calm and not move, to 
avoid the needle 
Pemetratme evemudec pen 
into the tissues 

Use a pen to mark around 
the insertion point to aid 
identification of the area 

If the broken fragment is 
visible, remove it with 
tweezers; if the broken 
fragment is not visible, the 
tissue should be softly 
pressed close to the 
insertion until it comes out 
and then it must be 
withdrawn using tweezers 

If the needle cannot be 
withdrawn at the time, 
medical assistance is 
necessary as the needle 
will need to be surgically 
removed 

Ifa possible pneumothorax 
is suspected, the patient 
must be inmediately sent 
to the closest medical 
emergency room 

Instruct the patients to 
explain to the emergency 
personnel that they have 
been treated with invasive 
puncture techniques in the 
area of the thorax wall and 
that, therefore, an X-ray of 
the thorax may be 
necessary to rule outa 
possible pneumothorax 
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1.6.3. Bruising 


Occasionally, after the puncture, and due to the 
perforation of small vessels, a minimal amount 
of bleeding will occur which causes immediate 
bruising in the area. 


Prevention strategies 


¢ Carry out haemostasis. 

¢ Take care in patients with an abnormal ten- 
dency for bleeding. 

e Avoid varicose veins. 


Measures to be taken 


¢ Apply immediate pressure to the area using 
cotton wool or a sterile gauze to facilitate 
haemostasis. 

¢ Apply cold and compression over the area 
to minimize bruising. 

¢ Advise patients of possible bruising 
(although this information will appear in 
the informed consent form that they will 
have previously signed). 


1.6.4 Vegetative reactions 


Mild vegetative reactions, such as paleness, 
sweating, goose bumps, coolness of the skin and 
visceral effects, are frequent, especially when a 
greater stimulus is used, such as a greater appli- 
cation time, a larger number of needles or associ- 
ated with an electric current. This indicates a 
segmental response that activates the repair 
processes. T his is what some authors describe as 
the organism’ response to a threat.'*° These 
symptoms are usually short-lived (disappearing 
within 5—10 minutes). 

At certain times, increased vegetative reac- 
tions are described along with a brief and revers- 
ible loss of consciousness (vasovagal episode) 
associated with a loss of elasticity in the muscles, 
signs of stiffness in the joints and a loss of range 
of motion (as if the joint were blocked). There 
is also a decrease in the activity of the organs and 
an alteration of peristalsis, resulting in spasm. 


Prevention strategies 


¢ Ask patients beforehand whether they have 
suffered from episodes of dizziness and 
fainting in similar situations (when giving 
blood or on removal of a tooth). 

¢ Ask whether the person has a fear or phobia 
of needles. 

e Some patients demonstrate a vegetative 
response due to visualization of the proce- 
dure on the ultrasound screen. 


¢ Special attention is necessary when the 
needle application points can cause hypo- 
tension, such as LV3 (see chapter 15). 

¢ Often, these reactions are due to nervous- 
ness, hunger, fatigue, weakness, an inappro- 
priate position or excessive manipulation. 


Measures to be taken 


¢ Withdraw the needles immediately and 
place the patient in a horizontal position 
with the head lowered and the legs raised. 

e Avoid the patient sitting up on the plinth. 

¢ Ventilate the space (room, treatment cabin) 
where the patient is being treated. 

¢ Offer a sweet, warm drink. 

¢ The patient usually responds quickly to 
these measures, but if the symptoms persist, 
urgent medical assistance is required. 

¢ If the person faints, use the fngernail to 
press energetically on DU26 or DU25 (tip 
of the nose) or any Jing ‘starter’ point (see 
chapter 15). 

¢ The increased vegetative reactions require 
assessment on behalf of the emergency 
services to rule out any complications. 


1.6.5 Bent needle 


Occasionally, sudden movements made by the 
patient (avoidance movements) or involuntary 
movements (associated with intense local spasm 
responses) or poor technique can cause the 
needle to bend (f gure 1.4). 





FIGURE 1.4 = Bent needles. 
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Prevention strategies 


¢ Carefully examine each needle before using 
it. If a needle is bent, has a corroded shaft 
or a defective tip, dispose of it (see chapter 
2). It is essential to check that the puncture 
material to be used has a CE stamp or 
equivalent (see chapter 2). 

¢ Insert the needle with the patient relaxed 
and placed in an optimal position. 

¢ Use the optimal puncture technique and 
avoid bending the needle during the inva- 
sive treatment. 


Measures to be taken 


¢ Change the needle for anew one and repeat 
the technique. 


1.6.6 Stuck needle 


After needle insertion and manipulation (fre- 
quently when twisting the needle), it may be 
diff cult or impossible to sink it further or even 
withdraw it. This may be because the tissue 
fbres become interwoven with the needle shaft 
(see chapter 2), causing it to get stuck, or due to 
a muscle spasm around the needle or the patient 
moving. 


Prevention strategies 


¢ Avoid excessive needle twists to prevent the 
skin and the soft tissue getting stuck around 
the needle. 


Measures to be taken 


¢ Allow time for the patient to relax, then 
gently manoeuvre the needle out. 

¢ Ifthe needle is stuck due to excessive rota- 
tion in one direction, twist it in the oppo- 
site direction and try to withdraw it. 

¢ Ifthe needle is stuck due to a muscle spasm, 
leave it in place for a short time, gently 
massage around the needle to relax the 
muscle and gently reattempt removal. 
Alternatively, surround the stuck needle 
with four small needles, wait a few seconds 
then reattempt removal or apply a brief 
stimulus with an electric current. 

¢ Another option would be to ask for a gentle 
isometric contraction of the antagonist, as 
this would help relax the target tissue 
(reciprocal inhibition). 

¢ If the stuck needle is due to the patient 
having changed position, return the patient 


to the original position and then withdraw 
the needle. 
¢ If unsuccessful, seek medical help. 


1.6.7 Broken needle 


Broken needles can be due to poor-quality man- 
ufacture or a defect (such as erosion or cracks 
between the shaft and the handle) or due to inap- 
propriate needle manipulation (such as the use 
of excessive force), a strong muscle spasm, a 
sudden and uncontrolled movement by the 
patient, the incorrect withdrawal of a stuck or 
bent needle or the prolonged use of galvanic 
current. The intersection point between the 
shaft and the handle (see chapter 2) is the most 
common point for breakage. 


Prevention strategies 


¢ Always use single-use needles (never use 
the same needle repeatedly). 

¢ The expiry date on the box and on indi- 
vidual needle packaging should be checked 
by the physiotherapist before use. N eedles 
should not be used if they have passed the 
expiry date. 

¢ The quality of the needles is important. All 
needle packaging should be CE-marked. 

¢ Leave approximately 1 cm of the needle 
shaft poking outside the skin. 


Measures to be taken 


¢ Advise the patient to stay calm and not 
move, to avoid the needle penetrating even 
deeper into the tissues. 

¢ Use a pen to mark around the insertion 
point to aid identif cation of the area. 

¢ If a part of the broken needle sticks out 
from the skin, the fragment should be 
removed with tweezers. 

¢ Ifthe broken fragment is at the level of the 
skin, the tissue should be softly pressed 
close to the insertion until the fragment 
comes out and then it must be withdrawn 
using tweezers. 

¢ If it is completely below the skin, the 
patient is asked to return to the previous 
position, which is frequently when the end 
of the needle body appears. 

¢ If the needle cannot be withdrawn at that 
time, seek medical assistance as the needle 
will need to be surgically removed. Bipla- 
nar fluoroscopy can locate and mark the 
foreign body (needle), allowing for a more 
straightforward surgical exploration. 
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¢ Depending on the area and the possible risk 
of infection or injury, the decision not to 
remove the needle may be taken. In scien- 
tif c literature, reports have been published 
of needles or needle fragments being 
retained in all types of circumstances (e.g. 
breast biopsy, after giving birth, after insulin 
injection) in patients who are asymptomatic 
and without any changes being reported for 
over 11 or even 25 years.'>’ 


1.6.8 Losing a needle 


It is easier to forget the needles in static puncture 
techniques, which is when the needle is left in 
the puncture area during a period of time or 
when several body parts are punctured, such as 
in acupuncture. 


Prevention strategies 


¢ All needles must be counted. A forgotten 
needle will cause pain in the tissue or may 
lead to serious complications, such as pneu- 
mothorax. In order to reduce the loss of 
needles it is useful to make a record and 
check the number of needles inserted and 
removed (f gure 1.5). Another option is to 
use an electronic timer to count the number 
of needles and also to record the duration 
of treatment. 

¢ In acupuncture treatment, pay special 
attention to the needles in the hairline 
because these are easier to forget. 

¢ It is recommended that those qualifed 
HCWs who insert the needles are the 
HCWs who remove them. Needle tasks 
should not be assigned to or carried out by 
an assistant (e.g. physiotherapy assistant). 


Measures to be taken 


¢ This depends on the possible damage 
inflicted. 


1.6.9 Burns 


In the case of moxibustion or the applica- 
tion of electricity associated to the puncture, 
such as in percutaneous needle electrolysis or 
EA, it is possible to cause a burn to the patient. 


158,159 


Prevention strategies 


¢ Apply the technique correctly. 

¢ Pay special attention to patients with a 
reduced level of consciousness, sensory dis- 
orders, psychotic disorders and dermatitis, 
or in areas of altered circulation. 


Measures to be taken 


¢ Inform the patient. 
¢ Refer to the medical team for treatment. 


1.6.10 Local infection 


Negligence in the use of strict aseptic technique 
can cause a local infection.'°'°! 


Prevention strategies 


¢ Always use a sterile needling technique. 

¢ The skin in the region to be treated must 
be inspected to see if it presents any signs 
of infection, in which case the procedure is 
contraindicated. Avoid needling over thin, 
fragile or infected skin. 

¢ Patients with an affected immune system, 
vascular illness or diabetes are at greater 
risk. 

¢ Avoid puncture of acute inflammatory 
lesions or skin lesions, cysts, tumours, gan- 
glion cysts and puncturing in the proximity 
of prosthetic implants. 

¢ Disinfect the work surfaces before receiv- 
ing anew patient in order to avoid infection 
via cross-contamination. For this reason it 
is important that the clinical furniture have 
flat surfaces with no junctions. The plinth 
must be cleaned with a cloth using a 1% 
bleach solution or with disinfectant wipes 
of 1% chlorhexidine digluconate and 70° 
ethanol. 


Measures to be taken 


¢ Refer the patient to the medical service 
for care. 


1.6.11 Pneumothorax 


Pneumothorax is one of the most serious but, 
also, less frequent adverse effects associated with 
puncture techniques (only nine cases have been 
described in the scientif c literature over the last 
20 years).'°° '’' The most common symptoms are 
coughing, chest pain and dyspnoea. Commonly, 
the onset of symptoms due to pneumothorax 
induced via needle techniques does not occur 
until several hours after the treatment session. 
For this reason, patients must be warned of these 
symptoms, especially if they are going to be 
exposed to exercise and/or important changes in 
pressure, such as flying or scuba diving. 


Prevention strategies 


¢ In the posterior aspect of the thorax, the 
needle must be inserted  superf cially 
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DATE ACUPUNCTURE TREATMENT NEEDLES 

IN OUT 
[| J LJ 

Sign 
IN OUT 
| | Ld 

Sign 
IN OUT 
Pel bad 

Sign 
IN OUT 
[| | LJ 

Sign 
IN OUT 
[| J LJ 

Sign 
IN OUT 
| | Ld 

Sign 
IN OUT 
| | LJ 

Sign 
IN OUT 
| | Ld 

Sign 
IN OUT 
| | Ld 

Sign 
IN OUT 
| | LJ 

Sign 


Therapist’s name 


Therapist’s signature 


FIGURE 1.5 = Record for counting needles. (Adapted from: Randal G, Collins R. Clinical Guidelines for the use of Acu- 
puncture within the Physiotherapy Service. Penmsula Community Health. 2012. Available at: http://(www.rcht.nhs.uk/ 
Documents Library/PeninsulaCommunityHealth/Operations AndServices/OTAndPhysio/Acupuncture InPhys io.pdf). 


towards the midline, with an approximate ¢ Aperfect knowledge of the reference points 
length of 25 mm. Do not use deep needling of the lung and pleura is necessary (see 
techniques at the base of the neck. chapter 3). 

¢ Apply puncture techniques on one side of ¢ The insertion of the needle through the 


the body only. wall of the thorax and into the lungs is 
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extremely painful, much more so than the 
normal pain associated with puncturing the 
thoracic wall. 

¢ When this type of pain is generated during 
a puncture in the area of the thoracic wall, 
use a stethoscope to assess a _ possible 
decrease in the sound of the lung. 

¢ Special precautions are advised for long- 
term smokers, for those suffering from sco- 
liosis and those with a thin frame. 


Measures to be taken 


¢ If a possible pneumothorax is suspected, 
the patient must be immediately sent to the 
closest medical emergency room. 

¢ Instruct patients to explain to the emer- 
gency personnel that they have been 
treated with needling techniques in the 
area of the thorax wall and that, therefore, 
an X-ray of the thorax may be necessary 
to rule out a possible pneumothorax 
(f gure 1.6). 


1.6.12 Fainting and convulsions 


On rare occasions, a patient may suffer from 
mild seizures after application of the invasive 
technique. The reason for this is unclear, 
although it may be due to a sudden vagal stimu- 
lation to the heart. 






Collapsed lung 


Prevention strategies 


¢ Ask all patients who are going to receive a 
needling treatment whether they have a 
history of seizures. In the event of a positive 
response, keep a close watch on these 
patients during treatment. 

¢ If patients have a history of unexplained 
seizures, needle techniques are not advised. 

¢ On the frst visit use gentle stimulation. 


Measures to be taken 


¢ If a patient feels faint or nauseous or is 
experiencing sudden sweating, remove all 
needles immediately. Lay the patient flat, 
maintaining a clear airway, and attempt to 
rouse the patient. If the situation does not 
stabilize rapidly or the seizures continue, 
the patient must be taken to the closest 
medical emergency room. 


1.6.13 Injuries to organs 


When applied correctly, invasive techniques 
should not damage any organ. H owever, if organ 
damage does occur, it can be serious. Accidents 
can happen during treatment due to the charac- 
teristics of the needles used, the precise applica- 
tion sites of the needles, the insertion depth of 
the needles, the manipulation techniques and the 
stimulation applied. 
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FIGURE 1.6 =» Pneumothorax. (A) In a pneumothorax, air from a ruptured lung enters the pleural cavity with no 
means of escape. As air pressure builds up, the affected lung is compressed (collapsed lung) and all of the 
mediastinal structures are displaced to the opposite side of the chest, and the hemidiaphragm is depressed. 
(B) Chest X-ray shows a left-sided pneumothorax (right side of the figure) which is under tension, manifest as 
displacement of the heart and mediastinal tissues to the right and depression of the left hemidiaphragm. The 
left hemithorax is black due to air in the pleural cavity. (Colour version of figure is available online). 
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Prevention strategies 


¢ The safest way to perform a deep puncture 
technique is to do so under echoguidance 
(see chapters 2, 4 and 7). 

¢ Pay special attention to the application 
points that are close to vital organs or sensi- 
tive areas. 

¢ Punctures on the thorax, the back and the 
abdomen should be performed with care. 
Special attention should be paid regarding 
the direction (if possible, in an oblique or 
horizontal direction) and the depth of the 
needle insertion. 

¢ Perfect knowledge of the anatomical areas 
of interest is essential (see chapter 3). 

¢ Avoid the area of the lungs and the 
pleura. An accidental puncture may cause 
traumatic pneumothorax (see section 1.6.11 
and f gure 1.6). 

¢ Avoid the area of the liver and spleen. A 
puncture affecting these organs can cause 
haemorrhage and abnormal sensitivity to 
touch or pressure, as well as stiffness of the 
abdominal muscles. 

¢ Avoid the kidney area. A puncture of the 
kidney can cause pain in the lumbar region 
and haematuria. If the damage is mild, the 
haemorrhage will stop spontaneously, but if 
the haemorrhage is serious, a state of shock 
will occur with a drop in blood pressure. 

¢ Avoid deep invasive techniques over supe- 
rior cervical vertebrae and surrounding 
areas, as these can reach the medulla oblon- 
gata, causing headaches, nausea, vomiting, 
a sudden decrease in the rhythm of breath- 
ing and disorientation, followed by sei- 
zures, paralysis or coma. 

¢ Deep puncture techniques in the vertebral 
spine must be performed with caution. 
Above the frst lumbar vertebra the spinal 
cord can be reached, producing immediate 
symptoms in the extremities or in the trunk 
below the puncture point. 

¢ Certain areas, such as the external genitals, 
the nipples, the umbilicus and the eyeball, 
should not be touched with the needle. 


Measures to be taken 


¢ Accidental damage to an important organ 
requires urgent medical or surgical assist- 
ance. 


1.6.14 Nerve damage 


Nerve damage caused by direct puncture usually 
causes immediate symptoms, including acute 


and intense pain in the puncture area that irradi- 
ates towards the distal extremity. It may also be 
due to the compression produced by haematoma. 
In the ensuing days a sensation of tingling or 
‘electric shock’ is frequent, which irradiates 
towards the distal extremity from the site of the 
puncture, when the tissue is subjected to com- 
pression, stretching, voluntary contraction or 
daily activities that involve the area. The symp- 
toms continue for days, weeks, months and even, 
on rare occasions, permanently. 


Prevention strategies 


¢ Apply the deep puncture techniques guided 
by ultrasound. 

¢ Have a perfect knowledge of the anatomi- 
cal areas of interest. 


Measures to be taken 


¢ Refer to the medical team for assessment. 
A specif c treatment does not exist. Usually, 
pharmacological treatment 1s commenced 
with vitamin complexes (B,, Bs, B;2) such as 
neurobion®. 


1.6.15 Needlestick injury 


A sharps injury is an incident that causes a needle 
to penetrate the skin. This is sometimes called a 
percutaneous injury. This is usually due to mal- 
practice, neglect or an unexpected sudden move- 
ment made by the patient. 

Sharps injuries are a well-known risk in the 
health and social care sector. Sharps contami- 
nated with an infected patient’s blood can trans- 
mit more than 20 diseases, including hepatitis B 
and C and HIV. 

The European Framework Directive on Pre- 
vention from Sharps Injuries in the hospital 
and healthcare sector (Directive 2010/32/EU)'” 
signed by the European Public Services Union 
and the European Hospital and Healthcare 
Employers’ Association on 17 July 2009 guaran- 
tees minimum safety and health requirements 
throughout Europe while Member States are 
allowed to maintain or establish more stringent 
measures: 


Member States shall bring into force the laws, 
regulations and administrative provisions 
necessary to comply with this Directive or shall 
ensure that the sodal partners have introduced 
the necessary measures by agreement by 11 May 
2013 at the latest. Moreover, Member States 
shall determine what penalties are applicable 
when national provisions enacted pursuant to 
this Directive are infringed. 
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Employers and workers’ representatives must 


work together to eliminate and prevent risks, 
protec workers’ health and safety, and create a 
safe working environment following the 
hierarchy of general prindples of prevention via 
information and consultation. Thorough risk 
assessment should be carried out when injury, 
blood or other potentially infectious material is 
possible or present and should focus on how to 
eliminate these risks. Risk management measures 
are: speafying and implementing safe procedures 
(induding safe disposal), eliminating unnecessary 
sharps use, providing safety-engineered medical 
devices, prohibition of recapping, coherent overall 
prevention policy, training and information, 
personal protective devices and offering 
vacanation. Workers should report any accident 
to the responsible person; any accident should be 
investigated and the victim treated. 


Prevention strategies 


Follow practical steps prior to any proce- 
dure involving needles, as well as during 
and after the procedure (box 1.1). 

A large number of infectious diseases can 
be avoided with vaccinations that provide 
active immunity. Of these, the hepatitis B 
vaccine is the most important for all per- 
sonnel who come into contact with blood 
or other objects contaminated with blood. 
Do not go past the 80% capacity of needle 
boxes or sharps containers (see section 1.7), 
which is marked on the containers as a 
safety line (“(Warning: do not fll above the 
line’). This helps avoid needlesticks caused 
by used needles. 

Do not use other containers besides those 
approved for needle disposal. 

Do not store used sharps in an open con- 
tainer where they can be reused or cause 
needlestick injuries when dumped. 

If a guide tube is used during needle inser- 
tion, manipulate it correctly (f gure 1.7). If 
a guide tube is used, the needle must be 
resheathed with the handle frst. 

Do not recap needles. Recapping com- 
monly leads to needlesticks. The needle 
containers are designed for storing needles 
without a plastic protector. If recapping 
is necessary, use a one-handed technique 
(fgure 1.8). Establish a policy/procedure 
for safe recapping when necessary for the 
procedure being performed. Re-educate 
staff about disposal hazards and provide 
instruction on safe practices. Used needles 
and other sharps should not be recapped, 
bent, removed from disposable syringes or 


Preventing needlestick 
injuries 


Following proper work practice procedures will 
minimize the risk of needlestick injury. Here are 
practical steps you should take: 


PRIOR TO PROCEDURE USING NEEDLES (_ ) 


Ensure all equipment is available and within 
arm’s reach 

Ensure lighting is adequate 

Place a sharps disposal container nearby and 
know where it is located 

Instruct patients to avoid sudden movements 
Do not expose sharps/needles until moment of 
use and keep pointed away from user 


DURING PROCEDURE (_ ) 
Maintain visual contact with needles during use 
Alert patient (and other staff) when placing or 
retrieving needles 
Remain aware of positioning of other staff to 
avoid accidental contact 
Do not pass needles by hand; place and retrieve 
from predetermined centralized location/tray 


POST PROCEDURE (_ ) 
Ensure all needles are accounted for and visible 
Transport reusable sharps in a secured closed 
container 
Visually inspect the disposal container to ensure 
needle will ft 
Keep fngers away from the tip of the device 
when disposing, and avoid placing hands close 
to the opening of the container 
Check trays, linens and waste materials prior to 
handling for needles accidentally misplaced or 
left behind 


Adapted from The American Nurses Association.*”° 


manipulated either by hand or by any tech- 
nique that involves directing the point of 
the needle towards any part of the body, 
unless the specifc procedure requires 
recapping to be performed. 


KEY POINTS 


All professionals practising needle techniques 
must have been immunized against (or have 
immunity to) hepatitis B before practising. A 
review of hepatitis immunization is required in 
line with trust policy and the guidelines for safe 
practice. 


Measures to be taken 


¢ If you suffer an injury from a sharp which 
may be contaminated: encourage the wound 
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FIGURE 1.7 =» Procedure for safe resheathing. (Colour version of figure is available online). 
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to bleed gently, ideally holding it under 
running water; wash the wound using 
running water and plenty of soap; don’t 
scrub the wound whilst you are washing it; 
don’t suck the wound, but dry it and cover 
with a waterproof plaster or dressing. 

Seek urgent medical advice (for example, 
from your Occupational Health Service) as 
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FIGURE 1.8 =» Procedure for safe recapping. One-handed technique. (Colour version of figure is available online). 


effective prophylaxis (medicines to help 
f ght infection) is available. 

Report the injury to your employer. 
Establish the need to administer postexpo- 
sure prophylaxis for HIV and hepatitis B 
virus (HBV).'” Postexposure prophylaxis 
for HCV is not indicated, as the adminis- 
tration of immunoglobulin and antiviral 
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agents is not recommended for postexpo- 
sure prophylaxis to blood that tests positive 
for HCV. 
¢ In the case of exposure to HBV: 
¢ In non-vaccinated personnel: 
vaccination. 
¢ In vaccinated personnel (three doses): 
Appropriate antibody response (10 
mIU/mL): vaccination not required. 
Non-appropriate antibody response 
(<10 mIU/mL): vaccination. 
¢ The conventional anti-H B vaccine (Enger- 
ixB®) must be administered intramuscu- 
larly in the deltoid muscle as soon as possible 
within the frst 24 hours. This must be 
administered together with anti-H B immu- 
noglobulin but in different areas (deltoids: 
vaccine; gluteus: immunoglobulin). 
¢ For exposure to HBV and HCV,'” the pro- 
fessional does not need to take precautions 
to prevent secondary transmission during 
follow-up; however the affected clinician 
must avoid donating blood, semen, plasma, 
organs or tissues. The affected person does 
not need to modify sexual practices or avoid 
pregnancy. If a woman is breastfeeding, it 
is not necessary to stop. 
¢ For exposure to HIV, antiretroviral phar- 
macological treatment must be adminis- 
tered as soon as possible, within the frst 24 
hours postexposure (ideally before the frst 
4 hours) and must be taken for 4 weeks if 
good tolerance is shown. Treatment should 
begin 48-72 hours after exposure. 
¢ After exposure to HIV, the following meas- 
ures must be practised,'” especially in the 
frst 6-12 weeks after exposure, when most 
people infected by HIV are expected to 
convert: sexual abstinence or use of 
condoms to prevent sexual transmission 
and avoidance of pregnancy, avoidance of 
the donation of blood, semen, organs, 
tissues and plasma. If a woman is breast- 
feeding, she should consider stopping due 
to the risk of transmission. 
¢ Follow up the affected person on behalf 
of the service of preventive medicine or 
the corresponding specialist in infectious 
diseases. 
¢ Investigate the circumstances of the acci- 
dent and take measures to prevent recur- 
rence. This may include a change in 
work practices, equipment and/or training 


of staff. 


begin 


1.6.16 Allergic reactions 


Allergic reactions are rare but may be related to 
the material of which the needles are made. 


During the frst treatment session, it 1s particu- 
larly important to observe the reaction around 
the needle insertion point. 


Prevention strategies 


¢ Check for known metal allergy, especially 
to stainless steel or nickel needles. 

¢ Check for known silicone allergy if using 
silicone-coated needles, e.g. Seirin® (see 
chapter 2). 


Measures to be taken 


¢ If the skin becomes red, itchy and raised, 
remove the needles and review at a later 
date. 

¢ If unsuccessful, seek medical help. 


1.6.17 Anaphylactic shock 


Anaphylactic shock is def ned as a systemic type 
I hypersensitivity that occurs in individuals with 
specif c immunological characteristics, resulting 
in mucocutaneous manifestations (hives, angio- 
oedema, itchiness, redness, conjunctivitis), 
cardiovascular manifestations (hypotension, 
vasodilation with secondary hypovolaemia, 
increase in capillary permeability which leads to 
the loss of intravascular volume, tachycardia, 
bradycardia, thoracic pain, syncope), respiratory 
manifestations (dyspnoea, laryngospasm, stridor, 
wheezing, rhinorrhoea, cough) and gastrointes- 
tinal manifestations (nausea, vomiting, dys- 
phagia, diarrhoea, abdominal cramps) that may 
be life-threatening. 

Of the f ve groups of allergens responsible for 
almost all cases of anaphylactic shock (anaesthet- 
ics and curares, Hymenoptera venom, antalgics, 
iodized products used for contrast and antibiot- 
ics), the most important for its use in inf Itrations 
and mesotherapy is lidocaine. 


Prevention strategies 


¢ The clinical history must include questions 
directed at identifying previous anaphylac- 
tic episodes. 

¢ In mesotherapy, homotoxicological drugs 
are recommended, as these are completely 
safe and do not cause potential anaphylactic 
shock responses. 


Measures to be taken 


¢ Patients who suffer from an anaphylactic 
reaction should be recognized and treated 
using the airway, breathing, circulation, 
disability, exposure (ABCDE) approach.'” 
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¢ This represents a medical emergency. 
Treatment must be administered 1immedi- 
ately.'’"'’* Adrenaline is the medicine of 
frst choice. Its properties correct the 
anomalies of the shock. 

¢ Severe shock requires the use of adrenaline 
hydrochloride intravenously at a dose of 
0.25—1 mg diluted in 10 mL of physiologi- 
cal solution applied very gradually. 


Use of other medicines related to 
injection therapy practice 


Adrenaline. There is provision within the Pre- 
scription Only Medicines (Human Use) Order 
1997 (SI 1997/1830) — section 7'” which allows 
any person to administer certain injectable medi- 
cines for the purpose of saving life in an emer- 
gency. There is therefore no need for a Patient 
Group Direction for the administration of 
adrenaline where a physiotherapist is employed 
by a Health Service Organization that has a 
formal written anaphylaxis policy in place, and 
the organization provides adrenaline for use by 
its staff in the event of an emergency. 


1.6.18 Accidental cut 


Accidental cuts can occur due to poor technique 
when opening a vial during the performance of 
inf Itration or mesotherapy techniques. 


Prevention strategies 


¢ Do not open glass ampoules with bare 
hands. Protect fngers from cuts with a 
piece of gauze when opening ampoules. 


Measures to be taken 


¢ Disinfect the wound caused by the cut. 
¢ Cover any cuts and put on non-sterile 
gloves before treatment. 


1.6.19 Unexpected adverse reaction 
report form 


Most published studies on adverse effects caused 
by invasive techniques are on the subject of acu- 
puncture. For this reason, it is necessary to 
provide the professional with a tool (appendix 1) 
that can be used to document the complica- 
tions, accidents and adverse effects as a conse- 
quence of treatment with invasive physiotherapy 
techniques. 

In the international community, the Dry 
Needling Association in Switzerland or Sem1- 
narios Travell & Simons® (Spain) have a 


web-based registry for reporting adverse effects 
in dry needling, and MVClinic® (Spain) for 
PNE. Anonymous incident reports allow for the 
reporting of complications and serious adverse 
events. 


1.7 MEDICAL WASTE 
MANAGEMENT 


1.7.1 Concept 


An infectious substance is a material known or 
reasonably expected to contain a pathogen. A 
pathogen is a microorganism (including bacteria, 
viruses, rickettsiae, parasites and fungi) or other 
agent, such as a proteinaceous infectious particle 
(prion), that can cause disease in humans or 
animals. 

A dangerous waste product is any substance 
or object that is listed as a dangerous substance, 
as well as the containers in which they have been 
kept. It is the name given to products held to be 
dangerous by the local government according to 
what has been established in European bylaws or 
international agreements. 

Regulated medical waste or clinical waste or 
(bio)medical waste means a waste or reusable 
material derived from the medical treatment of 
an animal or human, which includes diagnosis 
and immunization, or from biomedical research, 
which includes the production and testing of 
biological products. 

According to current laws, used needles and 
sharp objects are considered regulated medical 
waste or clinical waste or (bio)medical waste and 
are potentially dangerous. 

Sharps represent any object contaminated 
with a pathogen or that may become contami- 
nated with a pathogen through handling or 
during transportation and that is also capable of 
cutting or penetrating the skin or the packaging 
material. Sharps includes needles, syringes (with 
or without the attached needles), scalpels, broken 
glass, culture slides, culture dishes, broken capil- 
lary tubes, broken rigid plastic and exposed ends 
of dental wire. 

These products must abide by a series of 
safety measures during the processes of manipu- 
lation, collection, transport, treatment and 
elimination, as these represent risks for the 
professional, for public health and for the envi- 
ronment. The purpose of this process is to 
ensure the waste is disposed of appropriately, and 
this process is known as waste management. 

Prior to managing waste, the authorization 
for producing biomedical waste is requested on 
behalf of the producer (e.g. centre, clinic, hospi- 
tal) to the public administration. 
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1.7.2 Production authorizations 


The performance of activities that produce bio- 
medical waste products requires specif c authori- 
zation on behalf of health authorities. 
The producers of dangerous waste products 
are subject to the following standards: 
¢ Waste products must be properly separated 
and dangerous waste products must not be 
mixed. Specif cally, the mixing of products 
that may result in increased danger or han- 
dling diff culties must be avoided. 
¢ The containers of dangerous waste prod- 
ucts must be properly packaged and labelled 
according to the approved standards. 
¢ Aregister of the dangerous waste products 
produced and imported must be main- 
tained, as well as their fnal destination. 
¢ Waste products must be delivered to a 
licensed medical waste company in order to 
manage the waste; the company must be 
supplied with the information necessary for 
the appropriate treatment and disposal of 
these waste products. 
¢ Those who create waste are obliged to 
hand it over (if they cannot handle it them- 
selves) to a waste management site for its 
assessment or disposal, and to sign a volun- 
tary agreement or memorandum of under- 
standing that lists these procedures. The 
organization is considered the medical 
waste generator and is responsible for the 
medical waste until it is destroyed, meaning 
that it must be stored in appropriate condi- 
tions of hygiene and safety. 


KEY POINTS 


The abandonment, dumping or uncontrolled 
elimination of waste is prohibited, together with 
any mixing or dilution of the waste that impacts 
its handling. 


The frst point to consider regarding correct 
waste management is to reduce the amount of 
waste generated, 1.e. waste minimization. Strict 
control of all that is acquired (and avoidance of 
the deterioration or expiry of the products or 
materials) should be practised, as, in the long 
term, this too will convert to waste. 


1.7.3 Waste management 


Waste management can be classifed into two 
distinct processes: 
1. Internal handling: this includes operations 
involving procedures such as manipula- 
tion, classif cation, packaging, labelling, 


collection, transport and storage within 
the workplace. 

2. External handling: this involves collection, 
transport, treatment and disposal of the 
waste once it has been removed from the 
centre that generated the waste. 


Handling 


Below is a series of general instructions for the 
management of waste in order to guarantee 
safety and hygiene: 
¢ Containers must always be kept closed and 
should only be opened for short periods, 
strictly for introducing the needles. Con- 
tainers must have a safe access to the dis- 
posal opening. 
¢ Containers should not be flled more than 
approximately 80% (three-quarters full) 
of capacity (the containers usually have a 
mark indicating the limit; f gure 1.9). The 
containers should be checked routinely 
by staff and disposed of when they are 
three-quarters full. Once they are 80% full 
they must be closed and transported to 
the temporary storage space until they are 
collected. 
¢ Containers that are in use must never be 
left in transit areas or places that can cause 
people to stumble, and must always be kept 
far away from any sources of heat. 
¢ The sharps container must be accessible to 
professionals who use, maintain or dispose 
of sharps devices. There must be suff cient 
numbers of conveniently placed containers. 
A sharps container must be located in each 
procedure room. 
¢ Proper selection (volume, number) and ade- 
quate use of sharps disposal containers are 
important to prevent needlestick injuries. 
¢ Solid waste should never be compacted. 
¢ General waste is defned as materials that 
have not been contaminated or visibly 
soiled with blood or other potentially infec- 
tious materials. General waste includes 
products such as paper towels used for 
drying hands and wrappers. General waste 
should be placed in a normal consumer bin 
bag, and the bag may be discarded in a 
regular waste receptacle. 
¢ Medical waste is defned as materials that 
have been contaminated with blood or 
other potentially infectious materials. All 
used disposable sharp instruments, such as 
needles, syringes or broken glass, should be 
placed immediately in a sharps disposal 
container, despite the fact that sharps 
are now engineered with sharp injury 
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FIGURE 1.9 = Sharps container for the disposal of biosanitary waste. (Colour version of figure is available online). 


protection features (safe syringes and 
needles) (see chapter 2). Medical waste, 
such as gloves, swabs, guide tubes, dressing, 
cotton wool or gauze used to clean the area, 
whether or not stained with blood, must be 
placed in a suitable clinical waste bag. 
Waste products must not be mixed together. 

¢ The sharps container should be readily 
accessible and located as close as possible 
to the patient care or work area. 

¢ Body fluids in small amounts, such as blood 
in a withdrawn syringe, may be discarded 
in a sharps container. 


KEY POINTS 


Used needles and sharp objects must be disposed 
of in a sharps container and the remaining 
medical waste in a clinical waste bag. 


Medical waste disposal or 
sharps container 


¢ Sharps containers must be made of rigid 
polypropylene (thermoplastic material). 
These are durable yellow containers that 
are impervious, leak-proof, puncture- and 
shock-resistant and resistant to solvents 
(f gure 1.9) under all normal environmental 
conditions. 

¢ When selecting the type of container, con- 
sider the volume of waste generated and the 
space available for temporary storage in the 
physiotherapy service within the clinic, 
centre or hospital. All containers must 
present the approved CE marking or 
licence. 


Labelling 


¢ Dangerous waste containers must be clearly 
labelled, with legible and indelible writing, 
at least in the off cial state language. 

¢ The outer packaging must bear the 
company name of the manufacturer or 
distributor, a container ID number (or 
unique model number), a display of the 
international biohazard symbol with either 
a fluorescent orange or fluorescent red 
background, as shown in f gure 1.9, and the 
words ‘Regulated Medical Waste-Sharps, 
UN 3291 or Regulated Medical Waste, 
UN 3291’ noted on the package. 

¢ Also, the sharps container must include a 
tag that contains a complete identif cation 
of the sender and the destination, including 
an emergency phone number in case the 
package is damaged during transport. 


Collection 


The frequency of waste collection depends on 
the volume generated and is established based on 
local laws and regulations. 

In centres that only generate sharps waste in 
quantities of less than 3 kg per month, the col- 
lection can be quarterly. 


Transport of special biomedical waste 


Transport will be performed in accordance with 
local jurisdictional policies and procedures. The 
handover of waste from the producer to the 
transporter must be accompanied by follow-up 
and control documents. 


40 PART I INVASIVE TECHNIQUES IN PHYSIOTHERAPY AND MUSCULOSKELETAL MEDICINE 


KEY POINTS 


T he producer cannot transport biomedical waste 
(containers with needles) without necessary 
authorization. 


Whatever method is used, all fnal disposal 
methods should be made complying with the 
state and local regulations. 


Destruction 


Medical waste disposal or the sharps container 
should be incinerated via a licensed medical 
waste company or needle collection service, or 
disposed of according to local regulations. 


1.8 INFORMED CONSENT 


1.8.1 Concept 


The WCPT within its Declaration of Principles 
(1995)'*° establishes informed consent as a stand- 
ard of good practice, in the same way as the 
CSP''* and the European region of the WCPT 
do in the document on European Core Standards 
of Physiotherapy Practice,'”* dating from 2005 and 
2008, respectively. 

T his constitutes the recognition of the moral 
right that each person has to participate freely 
and validly, manifesting their approval of the 
attention received. This is a basic right of 
patients, together with the right to information 
and the recognition and conf dentiality of health 
information regarding the patient. 


1.8.2 Conditions 


The key points to consider when seeking 
informed consent are as follows'*''*: 
¢ Informed consent must be voluntarily 
signed, without any pressure or influence 
exercised by the professional, family 
member or friend. 
¢ It must be obtained prior to commencing 
treatment. 
¢ The information regarding the technique 
must be provided in an appropriate format 
and language. 
¢ Consider patients’ age, emotional state and 
cognitive abilities. For example, in people 
aged under 18, consent must be provided 
by the father, mother or guardian, or in 
people with cognitive def ciencies such as 
Down’ syndrome. 
¢ The treatment options, including the ben- 
efts, risks and collateral effects, must be 


explained to the patient. For example, in 
the application of PNE techniques, the 
patient must be informed of the effective- 
ness of the technique as well as the minimal 
risk of suffering an alkaline burn. 

¢ Patients must be granted the opportunity 
to ask any questions they may have. The 
patient must be given enough time to read 
and understand the information and must 
be granted several opportunities to ask 
questions. 

¢ Patients must be informed of their right to 
refuse the physiotherapy care at any time, 
without affecting their future care. 

¢ If the patient refuses treatment, this must 
be registered in the patient’s notes, together 
with the reasons for this, if known. 

¢ In hospitals or university clinics, patients 
must be reminded that they may be 
treated by a student of physiotherapy or 
physiotherapy assistant, and they must be 
granted the possibility of refusing this 
option and being treated by a fully qualif ed 
physiotherapist. 

¢ Patients must be informed that their treat- 
ment may be observed by a student, and 
they must be given the opportunity to 
refuse this option. 

¢ The patients consent for the treatment 
plan must be noted within the person’ 
clinical records. 

¢ When possible, patients must be provided 
with information leaflets regarding the 
technique, in order to help inform the 
consent process. 

¢ All information provided to the patient 
must be f led in the person’ clinical history. 
For example, a copy of the signed consent 
form and the leaflet describing the tech- 
nique should be fled if these are used. 


KEY POINTS 


Patients must be informed of the benefts and 
expected results of the treatment, as well as all 
the potential and signif cant risks before com- 
mencing the invasive procedure, taking into con- 
sideration the person’ age, emotional state and 
cognitive abilities. 


The authors recommend that informed consent 
for invasive physiotherapy techniques should be 
obtained in writing. 


1.8.3 Informed consent form 


T he informed consent form and checklist (f gure 
1.10) are used in the consent process to help 
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INFORMED CONSENT CHECKUST FORM FOR ACUPUNCTURE 
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INFORMED CONSENT CHECKUST 


EXPLANATION 


Treatment procedure of needle insertion 


Stimulation of needle (manual, electrical) 


Transient symptoms (fatigue, faint, temporary aggravation) 


Warned not to drive inmediately after treatment if fatigued 


CAUTIONS/CONTRA- INDICATIONS 


Pregnant 

Allergies 

Systemic steroids 

Anti-coagulants/blood clotting disorders 
History of seizures 

Diabetes 

Low blood pressure 

Swelling/tumour or infection (no needle) 
Pacemaker (no electro-acupuncture) 
Needle phobia 

Exhibitmg uncontrolled movement 
Patient confused 

Atrial fibrillation/heart 


Has the patient eaten? 


: 
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THERAPIST'S SIGNATURE 


PATIENTS' CONSENT 


PRINT NAME DATE 


PRINT NAME 


FIGURE 1.10 = Checklist for acupuncture treatment. (Adapted from Randal G. & Collins R.*”'). 


HCWs to inform patients and as a record of 
consent given. The completion of the form is 
just one part of the consent process and it should 
be completed only after an appropriate full 
explanation of the procedure is provided, with 
discussion and time for reflection by those con- 
senting. All parts are equally important. In this 


sense, HC Ws must be trained in how to obtain 
valid consent. 

In the appendices, several examples of consent 
forms for invasive techniques are provided. 
These forms offer a suggested format and may 
be adapted as necessary for local needs, provided 
they comply with the local regulations, settings 
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and codes of practice. If a standardized consent 
form already exists, that has been agreed on 
by the Department of Health Services and 
Public Safety or by associations, HC Ws should 
use this. 


1.9 COST-EFFECTIVENESS OF 
INVASIVE TECHNIQUES 


The rationalization and optimization of health- 
care resources are among the most important 
aspects for the viability of health systems in the 
West. It is increasingly important for health 
interventions fnanced by the national health 
systems of different countries to consider the 
quality, effectiveness and cost derived from the 
use of these resources. 

An increasing number of studies have ana- 
lysed the cost-effectiveness of invasive tech- 
niques; mainly these are focused on acupuncture. 
Studies by Witt et al.'*'** and Wonderling 
et al.'* reached the conclusion that acupuncture 
it is an effective technique as far as costs are 
concerned. These authors found that acupunc- 
ture treatments required smaller amounts of 
analgesic and anti-inflammatory drugs during 
the following 6 months,'*° thus reducing referral 
to secondary care.'*’ A study by Taylor et al.'** 
concluded that, according to WHO cost- 
effectiveness threshold values, acupuncture is a 
cost-effective treatment strategy for patients 
with chronic low-back pain. In the same manner, 
a systematic review of cost-effectiveness analyses 
by Kim et al.'*’ indicated that all cost—utility 
analyses showed that acupuncture with or 
without usual care was cost-effective compared 
with waiting-list control or usual care alone in 
dysmenorrhoea, allergic rhinitis, osteoarthritis 
and headache. In the cost-effectiveness analysis, 
acupuncture was benef cial at a relatively low 
cost in six European and Asian studies. 

A recent systematic review of the literature” 
suggests that physiotherapists working in 
extended-scope practice roles within orthopae- 
dic settings may be comparable with medical 
doctors in terms of clinical decision making, and 
may improve the eff ciency of outpatient man- 
agement pathways with higher levels of patient 
satisfaction.'”? Harrison et al.'”’ in the UK and 
Morris et al.'”* in Australia reported the cost of 
an extended-scope practice by physiotherapists, 
resulting in a decrease in costs. 

Specif cally in the case of epicondylalgias,'”’ 
carpal tunnel syndrome,'”*'”® frozen shoulder,'”° 
subacromial impingement syndrome'’’ and 
whiplash,’’> PNE, dry needling and injection 
therapy have been demonstrated to have a good 


cost-effectiveness relation in comparison to sur- 
gical intervention and other interventions. 

In general, professionals who commonly use 
these techniques'” agree that these are more 
effective and they reduce the number of sessions 
needed to improve patient functionality. 
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1.11 APPENDIX 


Appendix 1: Recording form for unexpected effects during invasive 
physiotherapy techniques 


Fill in the information contained in this form by inserting ticks [v ] in the assigned boxes and writing your own 
responses. 


Section I: Patient 
1 MaleO Female 0 


2, PBC? exsoxsuny years 
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Section IL Treatment 

5. What invasive physiotherapy technique Were YOU USING? oo. cisesccsscccsdsacevdateaieass dicedanseacdacdnateddcsdcseetsawsvaddoncceoenes 

6. For what reasons were you USING THIS TECHNIQUE? secveccciisancanceanercyadsadswensucadccdian robes sedasicsbanatiwsididededadaentarewedddeads 


7. Is it the first time you were using this technique on this patient? Yes No 0 
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9. lst all the medications that the patient was taking at the time, as far as you are AWALE! 20... .. eee eeec cece eeceeeee eee 
10. List all the different treatments that the patient was receiving at the time, as far as you are aware: ................ 


11. What treatment dosage were you using? 
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2. Ditead OMe OGY Menlo < scs1sstacsscnctancatawniataasneaianasdoudsasmdiaddadaciidboiataanialacsididatatadaddatadtadsdnadiatasiaas beatecadassauadeuns 
loa. What machine Version Model Were YOU USING 7 siiiusciaccivensasiersatanuncuniad suaislaiislenhaweeaeanudsentualereenteniaesnilaniientabiieciweds 


Section Il: Unexpected event 


l4, Describe the unexpected event that 100K PlaCe? susisecaccsacinaanacaedenacexanadaaundsdneraedsavanndsawksunsansdiesanabaanaactdaedatwansunwa 


15. In your opinion the effect was Mild J Moderate 0 SeriousO 


16; How lone after treatment did the adverse: effect take PlaC6? tiscasc2icccssndcnciavdnncscoateanerseduniabsecnses tcanedinsasdeceawtawes 
ye, HOw Weme-did: (eS -Stieer Mag) x sicocn cs statis tia tana wereusa seduces aaadaanacaseasvesedlastanauneataauAsaaniebiiahaaiadtaldatanaaneadsidaus head 
18. Was treatment required for the effect? Yes Noo 
19. Have you repeated the same treatment with this patient? YesO Noo 

If the answer was yes, has the same effect occurred? YesO Nod 








Section IV: The physiotherapist 


20. Have you used this type of treatment before for this clinical problem? Yes J NoO 
21. Describe any non -frequent effect that you may have observed associated with this type of treatment in the 


past with ANY patient: 
SITUATION 





22, list your thoughts regardme the effects that Have OCCU! cic cise din cdiwocssncdonadnadunannaebesunecatadaaandareciaxecaanaecaesads 
23. Can we get in touch with you in order to obtain further details? 
Yes O No Off the answer was yes, please give us a contact number, telephone number and/or email 
address: 
TVR UMM apts teearecteg eat te vse errata ntfs xvas fv ste sets pst atc ncaa na na deere eedeg orto efecto aioe ee 
ile) ajo) ne] s 1 Win ae ee eee Ce aay ee eae MMC te Meter eee enone on nny ire mene cme mente ne Te mT NNEC ee Reet OUnTMnT sr eon ment ern Cn nett Ter 
PEI At CWC -arereise sts eos nanouamuanawdenerasaceusenaseupsacsnesadacenareesteqxeteed stam eeauacasataudausnandnrsdiaveandamiaudabiadeeneoeantatdabiauenss 


Please forward this form via email to 
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Appendix 2: Informed consent form for dry needling 


INFORMED CONSENT FOR DRY NEEDUING 


INATNG AMG SUTMAING: ditenostca treet serene adunteadinds taleebebannatie dienes Clnaieal History Noo scsestatesesicaienntiasatadtessaketons 
The purpose of the information in this form is not to alarm you or relinquish the physiotherapist treating you from any 
responsibility. This represents our effort to thoroughly inform you of the facts and enable you to take a considered and 
voluntary decision to authorize or reject this procedure. 

It is obligatory for the physiotherapist to nform you and request your authorization. 


AUTHORIZATION FOR TREATMENT OF MYOFASCCIAL TRIGGER POINTS (MTrPs) USING THE INVASIVE 
“DRY NEEDUING” TECHNIQUE 


What is a myofascial trigger point (MTrP)? 
A myofascial trigger point (MTrP), is a contracture area located within a taut bands of muscle that may cause local and 
referred pain as well as limit movement. 


What does the treatment of myofascial trigger points using the “dry needling” invasive technique consist 
of? 

The treatment is performed using an acupuncture needle, via which, once the skin of the area to be treated has been 
disinfected, the myofascial trigger point (MTrP) is reached, performing several approaches over this point without 
withdrawing the needle. A weekly session 1s established during a maximum of six sessions. If after the third session, no 
improvement is found, the treatment is suspended, and conservative physiotherapy treatment techniques are 
established as an alternative. Physical therapists who utilize dry needling as part of their physical therapy practice have 
received extensive training for the appropriate technique and use of dry needling. Dry needling IS NOT acupuncture. 


What are the objectives of this technique? 
The main objective of this technique is to overcome problems caused by acute or chronic pathologies derived from 
myofascial trigger points (MTrPs). 


Am Ilikely to experience side effects or complications after being treated with this technique? 

There are very few contraindications, and the same can be said for the dangers and the complications. The majority of 

the contraindications are relative. 

¢ Regarding the complications, there is very littl documentation on the subject, but the following are worth 
mentioning: contact dermatitis, muscle spasm or post puncture pain. 

¢ The following contraindications are noteworthy: overwhelming fear of needles, patients receiving anticoagulant 
therapy, imunodepressed patients, lumphadenectomy and hypothyroidism. Puncture over areas of the skin that 
present any type of wound or scar; skin disorders such as psoriasis or infections, macules or tattoos. Allergy to 
metals (especially nickel). Furthermore, deep puncture is avoided in pregnant women, especially during the first 
three months of pregnancy, and after this period, as long as the area to be treated may affect the fetus. On the 
other hand, it is recommended to wait for at least 24 h after treatment before bathing in a pool or public baths, 
and to avoid this type of treatment in people who present generalized chronic pain, for example, in the case of 
fibromyalgia if the technique has previously been used without achieving any benefits. 

¢ The dangers are limited and the probability of these occurring is minimal. If the appropriate precautions have been 
undertaken, these are mostly avoidable. These dangers are: pneumothorax, nerve injury, vasovagal syncope, 
muscular oedema, haemorrhage and risk of infection of the physiotherapist due to an accidental puncture with a 
contaminated needle. 


PERSONAUZED RISK INFORMATION 
The following risks are related to the previous health status of the patient, and the most significant are: 


STATEMENT. Ideclare that: 

¢ Ihave been informed of the risks of the treatment, and the possible alternatives have been explained to me. [know 
that Imay revoke my consent at any time. 

¢ lam satisfied with the information received, Ihave had the opportunity to ask any questions, and allof these have 
been answered. 

: Consequently, I grant my consent 


Name and signature of the patient Name and signature of the physiotherapist 


Name of the legal representative in the case of handicap or in the case of a minor, indicating the relationship (father, 
mother, guardian, etc.) 


EUG = Ges ra haat pet eaie sate eaten antaeisanuacailans tancaeieaneanernanannbenees TU IN seg ateathase ee ceaeaeaere ace nanae ea ewe prasan cae ereha ee anianceneaw tren 
WITHDRAWAL OF CONSENT 
Ihave decided to revoke my prior authorization and will not continue forth with treatment, which I consider finalized 


on this date 


TANS a eucte cee cectectcl aneceevc caus avecutaahdcatexcucue ciecoveneeseacksencnavecnassvescvanaue 
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Appendix 3: Informed consent form for mesotherapy 


INFORMED CONSENT FOR MESOTHERA PY 


UGCA VION sc aradiavneecneceneseunsonnandeenomete SAGA) stinmscntonenesennianadian (OTIC ls coyraberosananummecnsonee PYG AE) regen etecuns caminsceoeboennsoan! 
Pe Ce MUG ANG cas, secveuounesuc snes eur saoeaseennsaroesnnaeuuneagaeearevernreen GS OU prctrosssverstonese anaes Onroad awe eselutemneaecanootene 
PMT SS secesteairinescesoetie riauise aratoibeve oniwenpe cuaeoe oui auiveoupioun oh anesinou aise eon eoeroareee STW Mito seceacsvanne sepevn dang eoueaceisarrteoraiesarew ee aeaereetieen 
DS OS I cents atredbmsaddedteateic aiinvadasdvaeadmandibae ba neen bioinreataserieuelnnseeaaael DN aerate areca ace escneatra sane tamen onenieeeedece 
I DECLARE 


That via the present document I REQUEST AND AUTHORIZE the physiotherapist.................ccccessccssscesecceeccesecessceasecsseeaess 
Sse tase boa ened see ana senoeennceeerccanes a uueat os cauens-eenoueteueeessapeaseateseanae , graduated in physiotherapy with the professional 
Gard NeSmCS IN” scekievercasevesan and the rest of the team, to perform on me the treatment know @S ............. cece cece eeeceee ees 


BRIEF EXPLANATION OF THE INTERVENTION 

Mesotherapy consists of the injection of small quantities of pharmacological and homeopathic substances into the 
intradermal space. The type of substances are chosen according to the problem to be treated. With this treatment 
painful processes, and inflammatory, degenerative and vascular disorders are improved. 

The substances and devices used have been authorized for their use in medicine and cosmetic physiotherapy, medicine 
and sports physiotherapy, and bear the CE marking and the corresponding health register number. 


RISKS INHERENT TO THE PATIENT AND THEIR PERSONAL CIRCUMSTANCES 

ICONHIRM that the above mentioned treatment has been explained to me in detail by a physiotherapist in words that I 
could understand, together with an explanation of the typical risks, the undesired effects, any personalized risks, as well 
as the discomfort or, on occasion, the pains that may appear after the procedure. Other existing treatment options 
available on the market have been explained, as wellas the pros and cons of each of these. Considering the above Ihave 
selected the previously described intervention. 


I ACCEPT that RISKS AND COMPUCATIONS described by the medical science as inherent to this treatment may occur. 

The main risks that have been explained to me are as follows: 

¢ Risks and complications common to any invasive physiotherapy treatment, among others: allergic reaction to the 
substance employed, bruising, and oedema that generally passes after a brief period with no need for treatment. 

¢ Specific risks and complications related to this intervention that have been explained to me and that Iacknowledge 
and accept. Specifically, small bruises or scabs may appear after the injection that disappear in a few days without 
further complications. 

¢ Other risks and infectious complications that, although rare, are worth considering. 


CONTRAINDICATIONS: patients that present coagulopathies or are under treatment with anticoagulants. Pregnant 
patients. Patients receiving treatment with immunosupressors. 


I RECOGNIZE that in the course of the intervention,unforeseen circumstances can arise that force a change of plans and 
I give my specific authorization for the treatment of the same. In the case of complications during the intervention I 
authorize the centre to request the necessary help from other specialists, according to their best professional judgment. 


I UNDERSTAND that medicine is not an exact science and that nobody can guarantee absolute perfection. I understand 
that the end result may not be what is expected by me, and I recognize that Ihave not been given a guarantee for this 
at all. 


I HAVE BEEN INFORMED that the number of sessions and/or the amount of product necessary in order to achieve the 
desired effect has been communicated to me as an approximate guide, as it is impossible to previously know the exact 

amount of product or the number of sessions that are necessary, due to the different absorption/reaction responses of 
each patient. 


ICOMMIT TO faithfully follow, to the best of my abilities, the instructions of the physiotherapist for before, during and 
after the intervention previously mentioned. 


Itake responsibility for adhering to the measures recommended by the professional. 


I CERTIFY that the information given in relation to my history and clinical surgical background is complete and correct, 
especially concerning allergies, diseases and personal risks. 


IGRANT AUTHORIZATION for photos to be taken of the intervened area that may be used for a scientific, educational or 
medical purposes, understanding that their use does not constitute a violation of my right to privacy or confidentiality. 


IAM AWARE that my information is going to be treated in an automated manner, which I grant authorization for, having 
been explained my rights according to the current data protection directive. 


Ihave also been informed of my right to refuse the intervention or revoke this consent. Ihave been able to resolve all my 
questions regarding the above information and Ihave completely understood this CONSENT FORM (reaffirming each and 
every item and signing this document ON ALL THE PAGES AND THE DUPUCATE COPIES I reaffirm and consent the 
performance of this treatment. 

The physiotherapist Patient signature Legal representative 


Ireject the treatment and have been extensively informed of the consequences of my decision. 


The physiotherapist Patient signature Legal representative 


3) 
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Appendix 4: Informed consent form for percutaneous needle 
electrolysis (PNE) 


INFORMED CONSENT FOR PERCUTANEOUS NEEDLE ELECTROLYSIS (PNE) 


Ideclare that the phiysiothicrapist (MAUI } sa scussars em seacsarsscranetyetsertanenasadatecswssuncdnbesswaiavedsantsatendSeduesadaaticimeiadsbasiadecuieds 
has clearly explained the treatment that will be applied to the patient or in its case the legal representative (family 
Tegeen OUUON CH Ae) Gallen ors WIE SAU Esa RHEE AN) A (tHE dhoe eae amee peteerenenmCm eer: Sree” Sumner em ce eiecrrnUtns firs ments Meenas UR MON fence en ere CNN oLaTeNr ate ren tne tee Te 
ACO arcs carenaninsies OA 9 Veg WI NT sepa acd rn ethane cleat eet eb ana oer Gan eas Seg senate oan ode at addenandoes and address 


Ihave been informed: 

1. That the therapeutic intervention consists in the physiotherapy treatment of the pathology using percutane- 
ous needle electrolysis. 

2. PNEtechniques consists of the application of a galvanic current through an acupuncture needle placed 
directly in the lesion site of the degraded tissue, thus producing a destruction of the degraded fibrotic 
tendon tissue in order to subsequently produce an adequate inflammatory response for the regeneration, 
favouring the healing process. 

3. That all physiotherapy therapeutic interventions, both due to the technique itself as well as the inherent 
characteristics of each patient (osteoporosis, arthrosis, prosthesis, pregnancy, endocrine problems, vascular 
problems, infections, tumours, congenital malformations, cardiopathy, pacemakers, etc.) entail a series of 
common complications which can be potentially serious. 

4. That the complications that Imay suffer have been explained and include: 

° Reduced joint mobility 

° Osteoarticular injuries 

° Vascular injuries 

° Nerve injuries 

° Musculotendinous injuries 

° Neurovegetative reactions, vasovagal shock (dizziness, nausea, vomiting, a decrease in the arterial 
tension, etc.). 

. Skin burns 

° Bruising 

¢ Increased pain 

° Other 

5. That the technique shall be applied after precise assessment and diagnosis has been determined on behalf 
of a competent professional. 


Ihave understood the explanations given to me in a clear and simple manner and the attending professional has 
allowed me to voice all my concerns and answered all my questions. I also understand that, at any time, and without 
the need for further explanations, Imay revoke the consent given at this time. 

For this purpose, I declare that Iam satisfied with the information received and understand the aims and the risks of 
the treatment. Under these conditions, 


I GRANT MY CONSENT 
To receive the following treatment 
Signed: the physiotherapist Signed: the patient 


REVOCATION (WITHDRAWAL OF CONSENT) 
Patient, or im its case, the lecal representative (familly OF tUtOr) (NAME)! cciicceccisesissacccdidercssvennassectedceedeseccuaxsesdterserseacdan 


ee ne eer AE COs cccutitesenandaninacanssattownanbiaiaeerinesmemorieas Years IG. 
WIG DTN sa rotraswinenconmronaimaboenennans sau manenseninm eines ane GU SUC Con xn ssainencinacgusnsaneceabaesiaumaeastepatnnthina annisinessasseonoeeuendt 
[revoke the consent Sivem Of (Cate). .iiencisccsscssaceseddesdiwacsedass and Ido not wish to continue with the treatment, which 


Iconsider finalized as of this date. 


Signed: the physiotherapist Signed: the patient 
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Appendix 5: Informed consent form for acupuncture 


INFORMED CONSENT FOR ACUPUNCTURE 


GO ATG eset wv cine oicersiny aurea sia Sauce euiceaaz saad bvatbaaedunendesnantemviunecanntets with ID N° / Passport NUMDED gcc. c.cssaciesscsadssecesesaseeacvcccdn 
acting as legal guardian and or/tutor of the patient, and over the legal age, in full possession of my mental faculties 
manifest that Ihave been satisfactorily informed by the physiotherapist (NaMEC)............. ccc cecccec cece ceeceeeee seca eeseeeeeeeeeeaeeees 
paisa So arate eee Sans Sa bt spree gare See aa amu ewes ete of the following points regarding the technique of ACUPUNCTURE, 
MOXIBUSTION, CUPPING TECHNIQUE OR ELECTROACUPUNCTURE .........0.ccsscccsesecceseecsescecseeeceseccesseccneeecseseccneecneeecceases 


ACUPUNCTURE is a treatment modality based on Traditional Chinese Medicine (TCM). 


ACUPUNCTURE consists of the introduction of fine sterile needles into acupuncture points producing a current-like 
sensation around the needle and thus improving the metabolism, trophism and local circulation as well as producing 
reflex responses in the nervous system. 


Possible risks: 


The complications associated with this technique are minimal, ranging from: 
¢ local discomfort in the puncture site, which passes in a few hours. 
e Bruising in the areas of puncture and cupping. 


Less frequently, the following may appear: 
e Vasovagal syncope: (dizziness and vegetative response) occurring in select patients. This is accompanied by a 
sensation of heat, sweat, and fainting. This is not serious and passes in a few minutes. 


I declare that Ihave been informed by the physiotherapist of the risks of the procedure and that I may revoke my 
consent at any time. 

Iam satisfied with the information received, Ihave been able to ask any questions that [had and all my concerns have 
been resolved. 

Consequently, I grant my consent to receive ACUPUNCTURE, ELECTROACUPUNCTURE, NEEDLE + MOXIBUSTION AND 
CUPPING treatment. 


I (AICS) iensecainsteaddenatnesienasmtatorsenmelats OM (GAY) cssvcdsnantesencas OE CTO MEN). cussecwcsematedessnueetnesaucens Ol (CAT) sutecssnarasaieatanceas 
Signature of patient/legal representative and/or tutor Signature of physiotherapist 
REVOCATION (WITHDRAWAL) OF INFORMED CONSENT 


As of (insert date)............cccceccseeeees Irevoke the consent granted for the performance of TCM and ACUPUNCTURE 


Signature of the patient/representative and/or tutor Physiotherapist signature 
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Appendix 6: Informed consent form for injection techniques 


INJECTION CHECKUST 


[Diagnosis | sd Time ofinjection | 
Injection Site po Patient Consent oS 


CONTRA-INDICATIONS (Tick if absent) 


| Hypersensitivity to steroid/ LA || Prostheticjoint 
Patients under 18 yearsofage |_| Known latent/history of tuberculosis | 
| Systemic orlocalinfection | | Unstable joint 
| Pregnancy or breast feeding | | Myasthenia gravis 
| Warfarin(administered under PGD) |_| Haemarthrosis 


3 Steroid injections in target joint in Non coumain anticoagulants a 


previous 12 months Hypersensitivity to chlorhexidine (use 
alternative) 


Low molecular weight heparin 








CAUTIONS (Tick if absent) 


|Druginteractions || Hepatic or severe renalimpairment | 
|Oralsteroid therapy | S| Respiratory impairment, -marked hypoxia | 
[Tendon rupture atsite | =| Poorly controlled diabetes 
| CHF/Cardiac conduction disturbances | | Epilepsy 
| Bleeding disorders | S| immunosuppressed patients 
po Trauma of the area to be injected 


DRUGS/ EQUIPMENT 
LOCAL ANAESTHETIC) WATER’ SALINE 








Checked SS 


Needle size/ Injected under PGD SD 
gauge 


INJECTION PROCEDURE (tick if done) 
EXPLANATION TECHNIQUE 


Treatment options discussed Site marked 


Hands washed 


|- Depigmentation | Site cleaned 
|- Infection | Bottles cleaned 
- Facial flushing a 'No touch' technique 


Side effects discussed 
- Subcutaneous atrophy 


allergic/anaphylactic reaction pe 
Post injection flare 
Aspiration check 


Information leaflet given 
consent obtained @ Peppering 
@ Bolus 


Review arrangements (state) a Safe sharps disposal 
Advie to wait... mins post injection a 


OUTCOME MEASURES 


Objective/subjective measures Post-injection 
a) 


a 
Adverse reaction SS rr 





fconmens | 
a 








NEEDLING TECHNIQUES AND 


MODALITIES 
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We are all very ignorant, but not all ignorant of the same things. 


CHAPTER OUTLINE 


2.1 PHYSIOTHERAPY AND NEEDLING 
TECHNIQUES 
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CHARACTERISTICS OF PUNCTURE 
NEEDLES 
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AND PROCEDURES 
2.4.1 Syringe 
2.4.2 Needle 
2.4.3. Protective cover/cap 
2.4.4 Product packaging and 

labelling 
2.45 Procedures 


2.5 CLASSIFICATION OF PUNCTURE 


NEEDLES 


2:5.) Body acupuncture 
needles 


ZAG 


2, 


2.8 


ALBERT EINSTEIN 


2.5 2 Blecthoacupunmcture 
needles 


2.5.3. Auriculotherapy needles 
(auricular needles) 


2.5.4 Hand acupuncture 
needles and needles 
used in other 
microsystems (for 
example, nose 
acupuncture ) 


2.5.5) Needles fordry needling 


2.5.6 Needles for percutaneous 
electrolysis 


2.5.7 Electrolipolysis needles 
2.5.8 Mesotherapy needles 
25 9 injection meedics 
25-10 Contact needles 


LOCATING THE PUNCTURE SITE 
2.6.1 Local stimulation 
2.6.2 Segmental stimulation 


NEEDLING TECHNIQUES 


2.7.1 Insertion-based 
techniques 


2.7.2 Mobilization/ 
manipulation techniques 


2.7.3 Applied techniques 


APPUCATION MODALITIES 


2.8.1 Palpation-guided versus 
ultrasound-guided 


2.8.2 ) Depth of the pumciure 
2.8.3 Direction of the puncture 
2.8.4 Number of needles 


2.8.5 Local anaesthetic 
measures 


2.8.6 Needle retention time 


35 
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2.8.7 Associated physical 


agents 
2.9 OBJ ECITVES OF THE NEEDUIING 
TECHNIQUES 
2.9.1 De-Xi (Qi) sensation 
2.9.2 Local twitch response 
2.9.3 Reproduction of the pain 
pattern 
2.9.4 Tissue elasticity 
2S siNecdile etlecs 
2.9.6 Muscle contraction 
KEYWORDS 


needling techniques; invasive 
techniques; scope of practice, needle/s; 
needles coated/uncoated; tube 
introducer/ guide; needle gauge; needle 
length; hypodermic needle; syringe; 
acupuncture; electroacupuncture; 

dry needling; percutaneous needle 
electrolysis; mesotherapy; injection 
therapy; percutaneous needle tenotomy; 
moxibustion; sharp pain; local twitch 
response; ultrasound-guided; 
palpation-guided. 


2.1 PHYSIOTHERAPY AND 
NEEDLING TECHNIQUES 


Physiotherapy is def ned by the World Confed- 
eration for Physical Therapy (W CPT) as: 


services to individuals and populations to develop, 
maintain and restore maximum movement and 
functional ability throughout the lifespan. T his 
indudes providing services in Graimstances 
where movement and function are threatened by 
ageing, injury, disease or environmental factors. 
Functional movement is central to what it 
means to be healthy.' 


Furthermore, 


physical therapy is the service provided only by, 
or under the direction and supervision of, a 
Physical therapist. It indudes examination/ 
assessment, evaluation, diagnosis, prognosis/plan, 
intervention/treatment and re-examination.’ 


Needling techniques or invasive techniques 
(terms which may be used synonymously) are 


2.10 SENSATIONS PRODUCED BY THE 
NEEDLE PUNCTURE 


2.10.1 Provoked sensations 
2.10.2 Response patterns 


2.11 PHYSIOLOGICAL REACTIONS TO 
THE NEEDLE PUNCTURE 
2 AVE SS kei 
2.11.2 Connective tissue 
2.11.3 Muscle tissue 


2.12 REFERENCES 


manual therapy interventions that use a f liform/ 
hollow needle to diagnose and treat neuromus- 
cular pain and functional movement def cits. 
These techniques within the scope of physio- 
therapy practice can be referred to as invasive 
physiotherapy techniques. 

In the nature of the physiotherapy process, 
the puncture needle (or acupuncture needle) can 
be considered as a specifc assessment tool (or 
mechanical device), a prolongation of the physi- 
otherapists fngers, thanks to the so-called 
‘wand’ phenomenon. This means that when you 
touch something with a wand held in one hand, 
the complex tactile and kinaesthetic mechanisms 
that are activated make it possible to ‘feel’ with 
the tip of the wand (needle), as if the nervous 
system had placed sensors there. Via this phe- 
nomenon, one may appreciate changes in the 
frmness of the tissues that the needle passes 
through. For example, a needle may be intro- 
duced into the proximal section of the patellar 
tendon and one is able to appreciate the super- 
fcial interphase, the intratendon area and the 
deep interphase until contact is made with the 
pole of the patella. Or, in the case of the rectus 
abdominis (see chapter 3, f gure 3.3D), the phys- 
iotherapist can feel how the needle passes 
through the subcutaneous tissue from the super- 
f cial to deep level, as well as through the ante- 
rior lamina of the muscle sheath and the muscle 
tissue itself until the needle reaches the posterior 
lamina. 

Needling techniques may form part of the 
physiotherapy treatment plan that is developed 
through the clinical reasoning process. Depend- 
ing on the treatment goals, physiotherapists may 
use a range of different techniques and physical 
modalities, including manual therapy techniques, 
therapeutic exercise, electrotherapeutic modali- 
ties and physical agents. 

The use of needles is within the scope of 
physiotherapy practice, specif cally the use of 
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mechanical modalities (mobilization/manipula- 
tion, vibration, pressure [acupuncture, dry nee- 
dling]). These techniques may also be combined 
with physical agents (heat [moxibustion], light 
agents [infrared]) or electrotherapeutic modali- 
ties, including electrical stimulation for tissue 
repair (galvanic current [percutaneous needle 
electrolysis or PNE techniques], high-voltage 
pulsed current, microcurrent), for the purpose of 
analgesia (transcutaneous electrical nerve stimu- 
lation [electroacupuncture], percutaneous elec- 
trical nerve stimulation) or for neurofunctional 
electrical stimulation. Invasive techniques can be 
performed on their own or can be combined 
with regular physiotherapy treatment. 

In this sense, the WCPT Guideline for Physical 
Therapist Professional Entry Level Eduattion’ pro- 
vides a professional foundation whereby the use 
of needles can be legitimately incorporated into 
the physiotherapy practice. The interventions 
that may be used in curriculum development 
may include, but are not limited to, acupuncture 
and dry needling.’ In our opinion, needle tech- 
niques are an advanced scope of practice and the 
physiotherapist performing needle techniques 
should: (1) have received additional education 
and appropriate training accredited by an educa- 
tional organization; (2) have signif cant profes- 
sional experience and competency development 
—we recommend | year of practice as a licensed 
physiotherapist prior to using the needling tech- 
niques; (3) perform in a manner that is consistent 
with generally accepted standards of practice 
(patient informed consent, clean-needle tech- 
nique and universal precautions); (4) be covered 
by professional liability insurance cover, subject 
to the terms of the policy; and (5) limit the use 
of the modality to the treatment of generally 
accepted physical disorders within the scope of 
practice for physiotherapists (musculoskeletal, 
neuromuscular and cardiorespiratory systems). 

The practice of injection therapy and other 
techniques involving injection of a substance into 
the tissue constitutes an extended scope of prac- 
tice for physiotherapists. Over time, and due to 
changing professional roles, there are many 
examples of activities that have transferred from 
one professional group to another. Injection 
therapy is one example of this. Physiotherapists 
in the UK have performed this activity safely and 
effectively for many years (since 1997) and are an 
example for physiotherapists around the world. 

T hroughout this chapter, physiotherapists and 
other qualifed professionals who have received 
training in invasive techniques will deepen their 
knowledge regarding the specif c characteristics 
and classif cation of puncture needles. This is 
complemented by an in-depth description of the 


standard puncture needle, syringe and hypoder- 
mic needle, together with the various needling 
techniques and modalities available. 


KEY POINTS 


Needling techniques fall within the scope of 
physiotherapy practice. 


2.2 BACKGROUND, CONCEPT AND 
CHARACTERISTICS OF PUNCTURE 
NEEDLES 


2.2.1 Background 


The frst needles devised for healing, of which 
there is arecord, date from the Stone Age (called 
bian) and were built from stone and flint — mate- 
rials that were later substituted for bone, bamboo 
or jade. During the Bronze and Iron Age, metals 
began to be used: at frst, the needles were made 
of copper, then bronze, and precious metals, 
such as silver and gold. This continued until the 
present time when these metals were replaced by 
stainless steel. 

Traditionally, puncture needles are most com- 
monly associated with acupuncture. T he needles 
represent the most important tools of acupunc- 
ture practice and are, indeed, what gave this 
technique the name of ‘acupuncture’ itself, from 
aais = needle + puncture. The oldest medical text 
to appear in China is the Huanghi Neijing (over 
2200 years ago). T his work, which is divided into 
two parts, Lingshu and Suwen, describes the basic 
theories of traditional Chinese medicine, such as 
ying and yang, the f ve elements, the De-Xi (Qi) 
(vital energy) and the classical ‘nine needles’ used 
in acupuncture. These nine needles are com- 
prised of the arrowhead needle (Chan), the 
sword-like needle, the round sharp needle (Pi), 
the millet grain (Di), prismatic (Feng), wide and 
rounded (Yuan-li), f liform (Hao), sharp-pointed 
(Chang) and round-body (Da) needles. Cur- 
rently, fliform needles are used (Hao).** 

More recently, other needling techniques 
have been used, such as dry needling, introduced 
in the 1970s by Travell, Simons and Lewit, or 
intratissue percutaneous electrolysis (EPI®), 
developed in the year 2000 by the Spanish physi- 
otherapist José Manuel Sanchez Ibanez. 


2.2.2 Concept 


The needle is a flament made from metal or 
another hard material, of a relatively small size, 
generally straight and sharp at one end, while at 
the other end there is an eye or loop for inserting 
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a thread. It has been used since prehistoric times 
for sewing. 

The needles used in techniques such as dry 
needling, acupuncture or PNE are straight and 
solid. These differ from those used in injection 
techniques or mesotherapy, which are hollow in 
order to administer the medication. 


2.2.3 Characteristics 


The needles used in puncture techniques, in 
general, must meet a series of characteristics in 
order to be considered adequate: 
¢ Penetration: the needle must penetrate 
with ease, but it must cause the least trauma 
possible. Also, it must resist several inser- 
tions without losing sharpness or penetra- 
tion capacity. From the professional point 
of view, the ideal is a needle with strong 
penetration power. The profle or shape 
of the tip will determine the power of 
penetration. 
¢ Resistance: the needle must not bend in 
use. T his is achieved by using highly resist- 
ant steel alloys that allow for the applica- 
tion of increasingly high forces without the 
needle bending. 
¢ Ductility: the needle must bend before 
breaking. This is usually contradictory to 
being resistant, as the more resistant a 
material, the more fragile it usually is. To 
avoid this, alloys are used with a relatively 
low iron content that combine greater 
resistance with high flexibility. 
¢ Flexibility: if the needle accidentally bends, 
it must be possible to bend it back to its 


Needle Parts Characteristics 


Tail With or without tail 


Handle shaped, ergonomic) 


Dimensions (~ 20 mm) 


Junction Shape (simple, piped) 


Material (stainless steel) 
Shaft Silicone (optional) 
Plated (optional: gold, silver) 





|| Tip 
Example: 0,30 x 30mm. (width x length) 


Material (silver, copper, gold, steel, plastic) 
Shape (classic, Japanese, Korean, cone 


Colour (ivory, green, blue, red, violet) 


Shape (triangular, cone shaped) 


original shape. If the needle does not 

comply (i.e. if it bends during manipula- 

tion), there would be a risk of rupture. 
Technology has supported the design of needles 
in order to achieve needles that are less painful, 
as well as safe and easily manipulated. 


2.3 DESCRIPTION OF THE 
STANDARD PUNCTURE NEEDLE 


2.3.1 Tail 


T he tail of the puncture needle is usually round, 
and is the element that precedes the handle or 
holder (f gure 2.1). Its purpose is to facilitate 
manipulation of the needle itself, together with 
the handle. The tail is characteristic of the Chi- 
nese-type needle and is the most commonly used 
in acupuncture techniques. It is formed by a 
rolled-up thread and presents an eye that is not 
useful, in contrast to solid sewing or surgical- 
type needles. 

At present, it is an optional element and there 
are Korean-type metallic needles with no tail on 
the market used for acupuncture, although these 
are mostly used in dry needling techniques. In 
this case companies such as Agu-punt® have 
developed specif c needles for dry needling with 
no tail (f gure 2.1). Also, the needles that have a 
plastic handle do not have a tail. 


2.3.2 Handle 


The handle is a long element around which the 
needle is held and manipulated (f gure 2.1). The 


Examples 
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Classic Japanese Korean Conic 
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Piped 


Zo Silicone coated 


[> Thangular [7 Cone-shaped 


Ergonomic 





FIGURE 2.1 = Standard needle. Parts, characteristics and examples. 
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characteristics of the handle must allow for safe 
and comfortable manipulation. 

It is important to consider four aspects in 
relation to the needle handle: the materials from 
which it is made, the shape, the colour and the 
dimensions (length and width). The materials 
and shape are quite variable depending on the 
needs and preferences of the professional, 
whereas the dimensions are usually similar. 


Materials 


The materials most frequently used are copper, 
silver, gold, stainless steel and plastic. Since 
ancestral times a healing property has always 
been attributed per se to noble metals such as 
gold, silver or copper. These metal materials 
are excellent conductors of heat and electricity, 
and thus very suitable for all electroacupuncture 
or moxibustion treatments. Furthermore, each 
noble metal has specifc healing properties 
according to traditional Chinese medicine.** 

Besides the use of metal, the handle or holder 
can be made of plastic; in this case polypropylene 
is generally used. Polypropylene is extremely 
light and compatible with both the skin and the 
environment. 

As regards a plastic handle, its colour (e.g. 
brown, ivory, green, blue, red, purple) is deter- 
mined by the width (diameter) of the needle 
shaft (e.g. 0.18 mm, 0.25 mm). 

For the techniques of electroacupuncture, 
electrolipolysis, PN E or moxibustion, the handle 
must be metallic in order to favour conduction 
of the electric current and heat, respectively. 
Needles with a plastic handle cannot be used 
with these techniques. However, a new design 
of acupuncture needle with conductive plastic 
handle has been developed recently which pro- 
vides electrical conductivity (JiaJian® company). 
Plastic handles are not suitable for moxibustion, 
as they are damaged by heat. 


FIGURE 2.2 = Insertion of the 
needle into the skin. (A) Correct. 
(B) Incorrect. (Colour version of 
f gure is available online). 


KEY POINTS 








The needle handle must be metallic for the 
application of electroacupuncture, PNE, elec- 
trolipolysis or moxibustion. 


Shape 


With regard to the shape of the handle, most 
frequently this is linear, although it may also be 
cone-shaped. The classical shape is a thread 
braid (Chinese or Korean), although it may also 
be smooth (Japanese type) or more ergonomic, 
with a concave—convex design with different 
indentations to favour correct needle grip and 
manipulation (f gure 2.1). 


Size 


The size of the handle in most acupuncture 
needles is approximately 20 mm depending on 
the different commercial brands. Some models 
designed for dry needling have a handle of 
greater width and length (25 mm) in order to 
facilitate needle manipulation. It is important to 
consider that the width of the needle shaft gen- 
erally used to describe the product (for example, 
0.30 mm x 25 mm) may not coincide with the 
width of the handle. 


2.3.3 Root 


The root or junction is the intersection point 
between the handle and the needle body. T his is 
a critical needle zone, although there is a risk of 
rupture if it is manipulated excessively or inap- 
propriately, or if there is a defect in the manu- 
facture that could weaken this part of the needle. 
For application safety it is recommended that the 
depth of the puncture should not reach the junc- 
tion point of the needle. That is, this area must 
not come into contact with the skin (f gure 2.2). 
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This will facilitate extraction of the needle in 
the hypothetical case of rupture of the needle at 
this level. 

At present, there are needles with reinforce- 
ments in the junction or intersection area. In 
these cases the needle and handle are joined with 
a special system to avoid separating one from the 
other. The needle profle has indentations or 
‘pipe’-style indentations in its junction with the 
handle so that this stays well inserted and it 1s 
impossible to separate the needle and handle 
(extra-frm union) (f gure 2.1). The Cloud & 
Dragon® company were pioneers of this design 
in 2011. 

Some commercial brands have patented 
systems for placing the needle shaft in the handle 
(proprietary tip design), so that the needle shaft 
is located at the precise centre of the handle. 
T heoretically this allows for reduced pain expe- 
rience during the insertion, as the needle shaft is 
better positioned in relation to the handle used 
to manipulate the needle. 


KEY POINTS 


During puncture techniques, for safety reasons, 
it 1s recommended to avoid introducing the 
needle as far as the junction point. 


2.3.4 Shaft 


The shaft or body of the needle is the length of 
the needle from the intersection point with the 
handle to the tip (f gure 2.1). The needle shaft 
of the puncture needle is straight and is the 
active element, together with the tip. 


Materials and options 


Currently, the material most frequently used is 
stainless steel, which can present as either a gold 
or silver coating and be covered with lubricating 
medical silicone (silicone-coated needles). 
Stainless steel is the material of choice as it is 
resistant to corrosion (it does not rust) and to 
mechanical fatigue at high temperatures and it is 
biocompatible. The types of stainless steel used 
in the manufacture of puncture needles are those 
of the 300 series, known as authentic stainless 
steel and formed mainly by chromium-nickel 
alloys (with more than 7%). T he most frequently 
used are the 304 (18-8) (chemical composition: 
0.18% max. carbon, 18% chromium, 8% nickel, 
2% max. manganese, 1% max. silicone, 0.0045% 
max. phosphorus, 0.03% max. sulphur), and 316 
(chemical composition: 0.12% max. carbon, 
16-18% chromium, 10-14% nickel, 2% max. 


manganese, 1% max. silicone, 0.0045% max. 
phosphorus, 0.03% max. sulphur, 2—3% molyb- 
denum), as these are the alloys that best resist 
corrosion, are not magnetic, have a high 
mechanical resistance and resist high tempera- 
tures better. A small percentage of molybdenum 
type 316 compared to 304 enables an improved 
resistance to corrosion due to chloride. Also 
used, but less commonly, is highly resistant sur- 
gical stainless steel 17-4 (chemical composition: 
0.07% max. carbon, 17% chromium, 4% nickel, 
4% copper, 1% max. manganese, 1% max. sili- 
cone, 0.0045% max. phosphorus, 0.03% max. 
sulphur), which gives the needle greater robust- 
ness, thus increasing the resistance to the needle 
sharpness and its durability. 

Despite the multiple benefts, the metallic 
material of needles is not exempt from problems, 
as it can cause contact allergy, which consists of 
an exaggerated reaction of an organism when 
it comes into contact with the material and, 
consequently, causes eczema and/or irritation 
in the puncture area’ * (see chapter 1). In such 
cases it is recommended to change the needle 
material and send the patient to a specialist to 
identify the element responsible for this reac- 
tion. However, the prevalence and incidence of 
contact allergy are very low. 

The needle shaft can be coated, which means 
that it is covered with lubricating medical sili- 
cone. This reduces the resistance of the needle 
when it is inserted into the skin, and therefore 
reduces the amount of force necessary for pen- 
etration, resulting in a less painful puncture for 
the patient. The needle can be covered by one 
or several microscopic coatings of lubricant (for 
example, a triple lubricant coating). 


KEY POINTS 


Silicone-coated needles decrease the resistance 
of the needle in its insertion into the skin, achiev- 
ing a less painful puncture. 


Needles with a silicone coating in the shaft 
enable almost painfree application in dry nee- 
dling and acupuncture techniques. However, 
they are not recommended for the application 
of PNE, electroacupuncture, electrolipolysis or 
moxibustion, as this decreases the electric current 
and the heat, respectively. 


KEY POINTS 


Silicone-coated needles are not appropriate 
for use with electroacupuncture, percutaneous 
needle electrolysis, electrolipolysis and moxibus- 
tion techniques. 
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Besides this, it is important to bear in mind a 
couple of aspects concerning the needle shaft: 

¢ Smoothness of the needle: the small frag- 
ments that remain from the sharpening 
process can be a cause of painful punctures. 
In order to eliminate these particles, needles 
are subjected to a polishing process that 
smooths the surface and_ signif cantly 
reduces the amount of force necessary for 
the puncture. The needle is treated with 
one or several polishing processes (for 
example, double polishing, triple polish- 
ing). On occasion, as a fnal fnish, the 
needles pass through an electromagnetic 
bath that smooths the surface and elimi- 
nates any remaining metal fragments. T his 
results in an excellent sharpness that can 
perforate the skin with ease. 

¢ Bending rigidity: the flexibility of the shaft 
facilitates the needle manipulation. 


KEY POINTS 


Needle polishing helps eliminate irregularities, 
resulting in a puncture with reduced pain. 


There are special needles with a Teflon-coated 
body available on the market that leave only the 
metallic tip free. These are commonly used in 
electromyography studies, but can also be used 
in dry needling techniques. 


250) Tip 


The tip is the pointed end of the needle and the 
element that penetrates the subject’ skin. The 
tip is measured from the most distant point of 
the needle until where the needle shaft reaches 
its greatest width (f gure 2.1). 


Characteristics 


T he tip of the dry needling needle is flexible and 
not sharp, which differs from injectable needles, 
which are more rigid and sharper (f gure 2.1). 

The sharpening and polishing of the needle 
tip are determining factors regarding any pain 
the patient may experience during insertion 
into the dermis. Traditionally, the needle tip 
has been triangular (f gure 2.1), although cur- 
rently a cone-shaped tip is replacing this design 
(f gure 2.3). 


2.3.6 Dimensions 


In the West, needle dimensions are expressed via 
two parameters: the width or diameter of the 
shaft (O) and the total needle length, both 





FIGURE 2.3 =» Needle tip. Cone-shaped. Electron micro- 
scopic image. (Colour version of fgure is available 
online). 


measured in millimetres or inches (equivalent to 
tsun). These dimensions correspond with the 
Japanese and Chinese measures. For example: 
¢ Western measure (diameter [0] x length): 
0.16 x 13 mm. 
¢ Japanese gauge: 1. 
¢ Chinese gauge: 40. 


KEY POINTS 


1 mm = 0.04 inches. 
13 mm = 0.5 inches. 
25 mm = | inch. 

40 mm = 1.5 inches. 


50 mm = 2 inches. 


The dimensions of the puncture needle depend 
on the technique (for example, auriculotherapy 
compared to dry needling), on the depth of the 
tissue to be treated and the localization (i.e. in 
the hands and the face, the diameter is smaller 
so that the puncture is less painful). 

The diameter (width) varies from 0.12 to 
0.50 mm (the most often used are 0.25 and 
0.30 mm) and these can be classif ed depending 
on the type of puncture technique performed: 

¢ Body acupuncture: 0.25—0.40 mm. 

¢ Auricular acupuncture: 0.14, 0.16, 0.17 and 


0.18 mm. 

¢ Cosmetic acupuncture: 0.14, 0.16, 0.17 and 
0.18 mm. 

¢ Paediatric acupuncture: 0.12, 0.14 and 
0.16 mm. 


¢ Dry needling: 0.25—0.30 mm. 

PNE: 0.30—0.32 mm. 

The length is variable, ranging from 7 mm to 
150 mm: the most frequently used are 25 and 
30 mm. Over 75 mm these are called extra-long 
needles or special-length needles (75 mm, 
100 mm, 125mm and 150mm). The longer 
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needles are used when the area has quite a lot of 
muscle mass or adipose layer (for example, in the 
technique of dry needling over the gluteus 
medius), when the target tissue is deep (for 
example, the psoas iliacus or the soleus) or 
for performing needle-threading techniques, 
which is when two points that are on opposites 
sides of the same body part are joined with 
the needle (for example, in acupuncture STR 
and 6MC), or for specific techniques such as 
electrolipolysis. 

Over a length of 75 mm, the needle width 
should be at least 0.30 mm, otherwise there is a 
risk of the needle bending. 

In table 2.1 a summary of the needles avail- 
able on the market is shown, in order of length 
and width, as well as the name of the commercial 
brand supplier. 


KEY POINTS 


The most commonly used needles in puncture 
techniques are 0.25 x 25 mm and 0.30 x 25 mm. 
The most frequently used needles in China for 
acupuncture are 0.25 x 40 mm. 


2.3.7 Guide tube 


The guide tube or simply the guide or intro- 
ducer (f gure 2.4) is a tube designed to minimize 
discomfort during needle insertion. The guide 
tube enables quick insertion of the needle 
through the epidermis. T he material from which 
it is made is usually disposable sterile plastic, but 
it can also be made of metal (f gure 2.4D) and 
the edges are straight or rounded; this is more 
pleasant when placed in contact with the skin. 


Method of attachment of the needle 
to the guide 


If the guide is made of plastic it can be secured 
to the needle in the following ways: 
¢ Conventional attachment: the needle is 
secured to the guide via a plastic stopper of 
a more or less triangular shape, which is 
frequently blue or white (f gure 2.4). The 
advantage of this type of system is that it is 
usually more economical, but it requires 
the stopper to be disposed of. This is the 
only fxation possible with needles with a 
metallic handle. 
¢ Ultrasonic attachment: the needle handle is 
secured via ultrasonic welding.'” With the 
application of mechanical high-frequency 
vibrations the molecules of both thermo- 
plastic materials (handle and guide) can be 
moved, causing them to weld together 


without reaching fusion point. The main 
advantage of this type of fxation is that, 
with simple pressure of the f ngers over the 
handle and the guide, the needle is freed 
single-handedly. Currently, the only com- 
mercial brand that has developed this 
system is Seirin®, with the patented Light 
Touch Insertion'™ system (f gure 2.4B). 


Presentation in the container 


T he guide tube is normally incorporated into the 
needle (unit) (f gure 2.4E) or needles (5 units) in 
each blister pack (f gure 2.4F), but it can sepa- 
rately accompany a pack of f ve or more needles 
(fgure 2.4G) (pro-pack system, developed by 
Seirin®). 


2.3.8 Protective cover 


There are several different means of presenta- 
tion (blister packs) for needles, depending on the 
materials employed (paper or aluminium) (f gure 
2.5A, B), the disposition (simple or double) 
(f gure 2.5C) and the individuality (or not) of the 
needle in the blister compartment itself. Blister 
packs made with paper backings allow for fast 
and easy extraction as compared to aluminium, 
which requires the packaging to be opened with 
the fngernail. In the case of smaller needles, 
double blister packs made with paper can be 
used. Normally the needles are individually 
enclosed in each blister compartment, but they 
can also be found in numbers of fve or 10 and 
associated, or not, with the guide tube. 

The number of units in a blister pack varies 
between f ve, six and 10 needles (f gure 2.5D, E) 
with a total of 100, 200 or 1000 units in each box. 

The reverse aspect of the blister includes 
information relating to the size, expiry (use-by 
date), the manufacturer’s code (lot number) and 
CE stamp. 


2.3.9 Safety and manufacture 


The Japanese company Seirin® was the frst to 
produce disposable acupuncture needles in 1978. 
Since then, different brands have automated the 
production of needles so that the needles do not 
enter into contact with the hands and have also 
installed verif cation devices that guarantee con- 
tinuous control during the manufacturing 
process. Currently all needles are sterilized in 
ethanol. It isimportant to ensure that the product 
has the CE marking or equivalent. 

Another aspect related to safety is the product 
expiry date. The needle boxes usually indicate 
the expiry date, just like any other product. 
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Depending on the amount of use one gets from 
the needles, the professional must choose 
between boxes of 100, 200 or 1000 units, con- 
sidering that it takes approximately 2 years for 
them to expire. 

Most puncture needles are manufactured in 
China and Japan. 


2.3.10 Recommendations 


The choice of the most appropriate needle 
greatly depends on the professional purpose 
(whether it is to be used for body acupuncture, 
dry needling, PNE or electroacupuncture) and, 
in any case, one must demand a needle that is 
safe to handle (determined largely by the safety 
of the production process) and that behaves opti- 
mally during puncture. This will depend on 
several factors: 





lal FIGURE 2.4 = Guide tube. (A) Guide 
tube: conventional attachment. (B) 
Guide tube: ultrasonic attachment. 
(C) Double guide tube. (D) Metallic 
guide tube. (E) Guide tube with indi- 
vidual needle. (F) Guide tube with 
fve needles. (G) Individual guide 
tube with pack of 10 needles. (H) 
Injectors. (Colour version of f gure is 
available online). 


FIGURE 2.5 = Packaging. (A) Paper 
packaging. (B) Metallic packaging. 
(C) Double packaging. (D) 10- 
needle blister back. (E) 5-needle 
blister pack. (Colour version of 
f gure is available online). 


¢ needle manipulation (ergonomics of the 
handle). 
¢ sharpness of the tip and smoothness of the 
shaft. 
¢ sensation of pain during application and 
sliding. 
¢ bending rigidity. 
Lastly it is important to consider the quality— 
price relation. 


2.4 DESCRIPTION OF THE 
STANDARD SYRINGE AND 
HYPODERMIC NEEDLE (INJ ECTION 
EQUIPMENT) AND PROCEDURES 


In infltration and mesotherapy techniques, 
hollow needles are used that allow for the 
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FIGURE 2.6 =» Standard syringe and hypodermic needle. Parts, characteristics and examples. (Colour version of 


f gure is available online). 


injection of pharmacological substances. The 
injection equipment includes a syringe, a needle 
and the needle’s protective cover (f gure 2.6). 


2.4.1 Syringe 


T he word ‘syringe’ is derived from syrinx, which 
means ‘tube’. A syringe is a simple pump consist- 
ing of a plunger that fts tightly within a tube. 
Syringes can differ in type and size, and are 
selected according to their intended purpose. An 
international standard for the design of syringes 


has existed since 1993.'' The ISO standard spec- 
ifes a series of requirements (limits of acidity, 
cleanliness and alkalinity, limits of extractable 
metals, lubricant, graduated capacity, graduated 
scale, barrel, piston/plunger assembly, nozzle, 
performance, packaging, labelling) for sterile 
single-use hypodermic syringes made from 
plastic materials and used to aspirate fluids or to 
inject fluids immediately after flling. This 
excludes syringes such as those used with insulin 
and single-use glass syringes. These specif ca- 
tions ensure a degree of quality, guarantee effec- 
tiveness and provide safety. 
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KEY POINTS 


All parts of a syringe that come into contact with 
the body must be kept free of contamination. 


Parts of a syringe (f gure 2.6) 


A conventional syringe is composed of three 
parts: the barrel, the tip and the piston/plunger. 


Barrel. The barrel is the part of the syringe that 
contains the fluid, whether it is medication, 
blood or a solution drawn from the body. It is 
suff ciently transparent for the user to see 
through it and usually graduated in millilitres to 
allow for precise measurements of the quantity 
of the fluid to be extracted or administered. The 
graduations are clear, concise and indelible. The 
barrel can range in size from 0.5 mL to 50 mL; 
the most frequent sizes used in injection tech- 
niques are 3mL, 5mL and 10mL. When 
selecting a syringe, ensure that the amount of 
fluid or medicine that you are required to draw 
up will ft into the syringe. 

Syringes are labelled according to how much 
liquid they can hold (syringe volume). For 
example, the packaging may specify ‘3 mL’, 
meaning that the syringe can measure up to 
3 mL of fluid. 

The barrel has a fnger grip located on the 
proximal end of the syringe by a snap-on motion 
to facilitate manipulation of the syringe or car- 
tridge during injection or withdrawal of medical 
fluid into or from a site. The ISO specif cation 
requires that the fnger grips must be of adequate 
size, Shape and strength for the intended purpose 
and should enable the syringe to be securely held 
when in use. 


Tip. The tip or termination is the interface, 
or connection, between the syringe barrel and 
the needle. The choice is made according to 
the application. Each manufacturer has its 
own specif cations. The types of tips (f gure 
2.6) are: 
¢ Luer slip and Luer lock syringes: a Luer 
slip syringe enables needle fxation on to 
the tip of the syringe by push slip. Luer 
lock syringe guarantees a more secure 
needle f xation as the needles are screwed 
on to the tip of the syringe. 
¢ Concentric and eccentric syringes: concen- 
tric and eccentric refer to the location of 
the tip in relation to the body of the syringe. 
A concentric syringe has the tip centrally 
located. An eccentric syringe tip is offset 
towards the edge of the body. 


Plunger. The plunger or piston is situated at 
the end of the syringe. Its purpose is to fll or 
empty the barrel. The plunger is pulled back to 
fll the barrel and pushed forward to empty the 
barrel. 

Another important design criterion specif ed 
in the ISO standard is the plunger push button 
to fnger grip length when the piston coincides 
with the zero graduation line. This optimal 
length guarantees that there is no unwanted 
increase in pressure during the injection of the 
last few millilitres of solution. 


Safety syringes 


The USA was the frst country to adopt and 
actively enforce legislation on healthcare facili- 
ties in the use of safety syringes, when it passed 
the Federal N eedlestick Prevention Act in 2000. 
Other healthcare markets are now following the 
USA, including Canada and the European 
Union, towards the mandatory protection of 
healthcare workers from needlestick injury and 
other unsafe injection practices. 

Overall, safety syringes have the same com- 
ponents as standard needles. The most notewor- 
thy difference between a safety syringe and its 
standard counterpart is the existence of a plastic 
shield which surrounds the needle and locks into 
place once the needle has been used. 


KEY POINTS 


Safety syringes are designed to prevent needle- 
stick injuries. 


2.4.2 Needle 


The hypodermic needle was invented independ- 
ently by Charles Gabriel Pravaz in France and 
by Alexander Wood in England in 1853. A hypo- 
dermic needle is a hollow needle generally used 
to inject substances into the body with a syringe 
or to extract fluids from it. The characteristics 
are that it is made of stainless steel, and is sharp 
and shiny. The word hypodermic translates to 
‘under skin’. The needle comprises the hub, 
shaft, lumen and bevel. Needles vary consider- 
ably in length, size of the shaft and size of the 
lumen. T he length of the needle determines how 
deeply the injection can be placed. The diameter 
of the needle determines what types of solution 
can be pushed through the needle and the degree 
of pain elicited when the needle enters the skin. 
T he diameter of the needle is associated with the 
needle gauge (G), with higher-gauge needles 
having a smaller diameter, i.e. 30G. Needle 
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gauge has been proven to affect the frequency of 
pain and bleeding signif cantly during needle 
insertion into skin. 

In general, the gauge, length and needle angle 
for injection techniques is 21—25G, 25-50 mm 
and 90° insertion to the skin (perpendicular 
approach to the skin with appropriate redirect- 
ing once the skin has been punctured), and 
27-32G, 4 mm/12 mm and 45° insertion to the 
skin for mesotherapy, respectively. 


KEY POINTS 


The frst number (in front of the G) indicates 
the gauge of the needle. The higher the number, 
the thinner the needle. 


Parts of a needle (f gure 2.6) 


A needle consists of four parts: the hub, shaft, 
lumen and bevel. 


Hub. The lower end of the syringe, opposite 
the plunger, terminates in a needle hub. This 
hub consists of a needle adapter that permits the 
needle to be attached to the syringe. T he purpose 
of the hub is also to lock the needle in place 
while the syringe is being used for its desired 
function. 


Shaft. The shaft or cannula is the length of the 
metal and is generally chosen according to the 
route and site of administration, the physical 
mass of the client and the thickness of the 
medication. 


Lumen. The lumen, also known as the bore, is 
the hollow space within the needle. The diam- 
eter of the lumen is known by the gauge number 
of the needle. The lumen is selected with the 
same specif cations as the shaft. 


Bevel. The last part of the needle, the bevel, is 
the pointed end that determines the sharpness of 
the needle. There are three common bevel types: 
regular, intradermal and short. T he regular bevel 
is the most commonly used bevel in injection 
techniques and mesotherapy. The needle is 
designed to pierce the skin with low penetration 
force and minimal drag as it is being inserted, 
thus reducing any discomfort to the patient. 


Safety needles 


Safety needles are needle-based safety devices 
that protect the healthcare worker from acciden- 
tal needlestick injuries. The robust safety shield 


and easy one-handed design ensure that the cli- 
nician is protected against any exposure from 
sharps injury. 


2.4.3 Protective cover/cap 


T he protective cover/cap is provided to maintain 
the sterility of the needle. Needlesticks are a 
common way of carrying infections between 
healthcare providers and patients. The needle 
bevel is covered in order to limit accidents and 
to ensure that only the intended patient is the 
recipient of the needlestick. In an attempt to 
reduce contamination and to increase safety, 
most needles are disposable and are discarded 
after a single use. 


2.4.4 Product packaging and 
labelling 


Adequate packaging (a hard plastic container or 
flexible wrapper) and labelling are regulatory 
requirements. For syringes and needles, in 
general, the packaging must retain the sterility 
of the content. Labelling serves to communicate 
safety and performance-related information to 
patients and users as well as to identify individual 
devices. 


2.4.5 Procedures 


Assembling a needle on to a syringe 


A review of how to assemble a needle and syringe 
properly is presented in table 2.2. A thorough 
inspection of the equipment before use is very 
important to ensure that the materials are free 
from contamination and/or deterioration. The 
plastic caps on needles and syringes should not 
have been opened prior to use. In the event that 
needle or syringe covers appear to be loose, they 
should be discarded and replaced. 

It is important to maintain an aseptic tech- 
nique to prevent contamination of the needle 
and/or the syringe and to minimize the risk of 
infection. 


Drawing medication (ampoule or vial) 


See table 2.3. 


KEY POINTS 


Anyone accidentally pricked by a needle must 
immediately follow the infection control proto- 
col for needlesticks. 
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TABLE 2.2. Review of proper assembly methods for the needle and syringe 





Step by step 


1. Remove the syringe from the 


package without contaminating 
the sterile parts 


. Ensure that the plunger of the 


syringe moves freely by 
grasping the flared end of the 
syringe and pulling the plunger 
back and forth. If the syringe 
doesmiotmove freely replace at 
with another sterile syringe 


. Remove the needle from the 


package ensuring that the sterile 
parts (needle hub or shaft) are 
not contaminated 


. Join the needle and syringe by 


inserting the needle adapter of 
the syringe into the needle hub, 
being sure not to contaminate 
either part lightem the meedle 
by turning one-fourth of a turn 
to ensure that it is securely 
attached. If the syringe has 
threads, you may need to turn 
more than the quarter turn 


. Hold the needle and syringe 


upright and remove the 
protective cover from thre needle 
by pulling it straight off 


Rlace thc pROleC tive CO Vemma ck 


on the needle, ensuring that you 
do not stick yourself or to 
contaminate the needle. Place 
the assembled needle and 
syringe on the work surface 


. When you assemble a needle 


and syringe, you are responsible 
for maintaining the total sterility 
and security of the equipment 


Condition 


(a) 


If the syringe is packaged in a 
flexible wrapper, peel the sides 
of the wrapper away in order 
tOnexpPOse tMe meat endo tne 
syringe barrel 


(b) If the syringe is packaged in a 


(c) 


(a 


— 


hard plastic container, press 
down and twist the cap until 
there is a distinct ‘pop’ sound 
If the ‘pop’ is not heard, the 
seal has been previously 
broken, and the equipment 
must be discarded 


If the needle is packaged in a 
flexible wrapper, peel the sides 
of the wrapper away in order 
to expose the needle hub 


(b) If the needle is packaged in a 


(c) 


hard plastic container, twist 
the cap until you hear a ‘pop’. 
Remove the cap to expose tie 
needle hub 

If the ‘pop’ is not heard, the 
seal has been previously 
broken, and the equipment 
must be discarded 


Caution 


Check for water spots, tears 
and signs of deterioration 
or contamination in the 
wrappers. If any of these 
signs are noted, discard, 
and replace 


The shaft of the plunger must 
be sterile. Contamination 
could cause infection of 
the patient, Louchvonly te 
end of the plunger when 
testing for free movement 


All parts of the needle are 
sterile 

Be careful not to touch the 
hub im order to prevent 
contamination. Only the 
outside of the needle 
cover may be touched 


Do not twist the protective 
cover as this may pull the 
meedile of the hub 

(a) Visually inspect the needle 
for burrs, barbs, damage 
and contamination 

(b) If the needle displays any 
defects or damage, 
replace the meedle with 
another sterile needle 


TABLE 2.3. Drawing medication 


Step by step (ampoule and vial) 


he 


Ampoule. Lightly tap the upright 
ampoule to force any trapped 
medication from the ampoule 
neck and top 


. Vial. Remove the protective cap. 


If this is a multidose vial, the 
metal cap may have been 
removed already 


Am powle, Clean the meck olf thic 


ampoule with an antiseptic 
swab, using plenty of friction, 
and wrap the neck of ampoule 
with the same swab 


. Vial. Clean the rubber stopper 


with an antiseptic swab 


. Grasp the ampoule carefully 


with both hands, snap the neck 
by bending it away from the 
break line (the narrowest portion 
of ampoule neck is the weakest 
point and breaks easily) and 
break off the top of the ampoule, 
pressing away from you 


. Ampoule. Pick up the assembled 


needle and syringe in the 
dominant hand, remove the 
protective cover with your free 
hand and insert the needle into 
the opening of the ampoule, 
while holding the ampoule in 
your other hand 


. Vial. Pick up the vial with your 


free hand and insert the needle 
into the rubber stopper. Ensure 
that the needle tip completely 
passes through 


. Ampoule. Pull back on the 


syringe plunger to draw up the 
solution from the ampoule into 
the syringe 


. Vial. Pull the plunger back to the 


desired cc mark, withdrawing 
the prescribed medication 


. Keep drawing back until you 


have a little more than the 
correct amount of liquid in the 
syringe. Then you can withdraw 
the needle out of the ampoule/ 
vial and set the ampoule/vial 
down 


. Both. Hold the syringe with the 


needle straight up, and push any 
air bubbles out of the syringe 
through the needle 


. Both. Verify the correct dosage 


Condition 


If any of the following defects are 
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Caution 


Check the expiration date 
noted on an ampoule or vial, on medication container 
return to pharmacy: 
(I) Examine the rubber stopper 

carefully for defects, such as 

small holes resulting from 

wear and tear 
(2) Hold ihe vial to the heht to 

check forthe existemce of 

foreign particles and 

changes in colour and 

consistency of medication to 

be drawn 
(3) Check the expiration date 

and the date medication was 

opened on a multidose vial 


Allow it to dry 


Hold ampoule to light and 
carefully check for 
minute glass particles. If 
glass is present, discard 
and replace 

Opening ampoules is a 
particularly high-risk 
event for sharps injuries 


Maintain the tip of the 
needle in the solution so 
you don’t draw up air 


Be careful not to touch the 
outside edge or bottom 
of the ampoule/vial with 
the meedle 
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2.5 CLASSIFICATION OF PUNCTURE 
NEEDLES 


Puncture needles can be classifed in several 
ways: by their length and width, by the material 
they are made of and by the application time 
(short, semipermanent, permanent). From a 
clinical point of view, what is most interesting is 
the integration of all this information with the 
technique towards which it is directed (e.g. acu- 
puncture, dry needling, PNE). 


2.5.1 Body acupuncture needles 


T hese are generally called fliform needles. Tra- 
ditionally, three types of acupuncture needles 
are described (Chinese, Japanese and Korean): 
this is determined mainly by the material 
(metallic), the shape of the handle (pipe handle 
or smooth) and the presence, or absence, of 
a tail: 

¢ Chinese needle: the Chinese-type needle 
has a piped handle with silver or copper 
thread with a rounded tail (f gure 2.1). 
This is the most popular in acupuncture 
techniques. 

¢ Korean needle: the Korean-type needle has 
a piped handle made of stainless steel with 
no tail (f gure 2.1). 

e Japanese needle: the Japanese-type needle 
has a smooth metallic handle made of stain- 
less steel with a few indentations on it, with 
no tail (f gure 2.1). 

Besides the classic acupuncture needles it 1s 
important to add those that are made with a 
plastic handle. 

Most frequent dimensions are 0.25 x 25 mm, 
0.25 x 30 mm, 0.20 x 25 mm and 0.30 x 40 mm. 

Acupuncture needles can be used for other 
puncture techniques, such as PNE or dry nee- 
dling. However, recently, needles have been 
developed that are specif cally made for these 
techniques. 

In body acupuncture the plum blossom needle 
is also used. This is a group of seven fliform 
needles (seven-star) that form the shape of a 
flower fxed to the head of a hammer with a 
long and flexible handle. These can be dis- 
posable or may have a detachable head for steri- 
lization. These needles are used to stimulate 
a channel or a specifc point or in cupping 
therapy. 


KEY POINTS 


T he most frequently used needle in acupuncture 
is the Chinese-type needle. 


2.5.2 Electroacupuncture needles 


The needles used for electroacupuncture must 
be metallic (handle and shaft) and non-coated 
(no silicone covering) in order to facilitate elec- 
tric conduction. 

Most frequent dimensions are 0.25 x 25 mm, 
0.25 x 30 mm and 0.30 x 40 mm. 


2.5.3 Auriculotherapy needles 
(auricular needles) 


Auriculotherapy is a technique based on the 
treatment of pain, problems and illnesses via the 
stimulation of reflex points in the external ear. 
The reflex points can be stimulated both inva- 
sively and non-invasively. 


Invasive treatments 


¢ specifc auriculotherapy 
needles 

¢ semipermanent needles 

¢ intradermal needles 


¢ needles for prolonged use. 


acupuncture 


Non-invasive treatments 


¢ magnetic balls 
° seeds 
° laser. 


Specific acupuncture needles 
for auriculotherapy 


Acupuncture needles for auriculotherapy are 
characterized by being shorter and thinner than 
conventional needles 

Typical dimensions are 0.14 <x 7 mm, 0.14 x 
10 mm, 0.16 <X 7 mm and 0.16 x 10 mm. 

In the case of small needles, stainless-steel 
injectors with a spring are available that enable 
depth adjustment in order to facilitate applica- 
tion (f gure 2.4H). 

TeWa® has developed a different model of 
auriculotherapy needle named Detox®, with the 
following characteristics: 

¢ plastic handles that are wider and longer 

¢ fluorescent handles 

¢ double blister packs. 

Most common dimensions are 0.16 < 7 mm, 
0.20 x 7mm, 0.20 x 13 mm, 0.22 x 7 mm and 
0.22 x 13 mm. 


Semipermanent needles 
or ASP ear needles 


In auriculotherapy another type of needle is used 
—the ASP ear needle. ASP ear needles are usually 
made of stainless steel and are presented with, or 
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without, an antiallergic textile adhesive plaster 
(transparent or opaque), which can be placed on 
one side or both, along with a third antiallergic 
adhesive for added support. T hese can come with 
a magnetic injector that facilitates use and pro- 
vides an additional magnetic stimulation on top 
of that provided by the needle itself. These are 
semipermanent needles, as they can be inserted 
and left in place until the following session. 

Dimensions are 0.2 x 1.5 mm with 2.5 mm 
diameter and 0.22 x 1.5mm with a 4-mm 
diameter. 


Intradermal needles 


Intradermal needles are also applied in auric- 
ulotherpy. These measure less than 1 cm in 
length (between 3, 5 and 7 mm), are very fne 
(0.16 mm width) and with a minute tail shaped 
like a tennis racket on one side which prevents 
the needle penetrating completely into the skin. 
T his is, therefore, a completely safe acupuncture 
technique (Hinaishin-Ho), which was f rst created 
in Japan by Dr Kobei Akebane more than 30 
years ago. The needle is protected with water- 
proof tape and left in place for 3—7 days. 

Most common dimensions are 0.16 <x 3 mm, 
0.16 x 5 mm and 0.16 <x 7 mm. 

T hese are usually presented as one needle per 
blister pack compartment with a protective cover 
or f ve needles per blister compartment in foam 


beddings. 


Permanent needles or needles 
for prolonged use 


Prolonged-use needles consist ofa circular handle 
with a press needle mounted on a sterile adhesive 
plaster. These needles are small and work by 
maintaining pressure upon the desired point. 
T hey are left on the point for a long period of 
time (generally until they fall out on their own). 
A variant of this exists — a metallic ball or seed 
which is f xed to the point via an adhesive patch. 
T hey do not penetrate into the epidermis, but just 
provide pressure. This type of treatment is fre- 
quent in auriculotherapy and is beginning to be 
used to stimulate acupuncture points on the body. 

Dimensions are 0.16 <x 3 mm, 0.16 <x 5mm 
and 0.16 <x 7 mm. 


2.5.4 Hand acupuncture needles and 
needles used in other microsystems 
(for example, nose acupuncture) 
Acupuncture needles used for the hand (and 


other microsystems) are characterized by being 
shorter and fner than conventional needles. 


Most common dimensions are 0.18 X 7 mm 
and 0.18 x 8 mm. 


2.5.5 Needles for dry needling 


The boom in use of dry needling techniques has 
caused several commercial brands to centre their 
efforts on creating specif c needles with the col- 
laboration of notable professionals (such as Agu- 
punt®). The characteristics that defne these 
needles and differentiate them from acupuncture 
needles are shown in table 2.4. 

Most common dimensions are 0.25 x 25 mm 
and 0.30 x 25 mm. 

However, the needles most used in dry nee- 
dling are body acupuncture needles. Monopolar 
needles are used less frequently in dry needling 
(f gure 2.7), and are used more commonly in 
electromyography and characterized by having a 
central sharpened point that improves skin pen- 
etration, as well as a soft coating to reduce fric- 
tion during insertion (Teflon needles). They are 
electrically treated in order to guarantee the 
recording of extremely low noise (a crucial aspect 
in electromyography studies). The most common 
sizes are 25, 37 and 45 mm. The width of these 
needles is expressed in gauges (G), which 1s 
equivalent to the diameter in millimetres: 
0.50 mm = 25G, 0.45 mm = 26G, 0.40 mm = 
27G, 0.36 mm = 28G, 0.33 mm =29G, 0.30 mm 
= 30G and 0.25 mm = 31G. 

Several electromyography studies have shown 
that these needles can help detect the presence 
of myofascial trigger points (MTrP), which can 
be treated with the same needles. Therefore 
these needles have both a diagnostic and thera- 
peutic value. 


2.5.6 Needles for percutaneous 
electrolysis 


The needles used in percutaneous electrolysis 
techniques are metallic (needle body and handle) 
in order to favour transmission of the electric 
current. The width and length of the needle are 
determined by the depth and type of tissue 
treated. 

Most common dimensions are 0.30 x 25 mm, 
0.30 x 30 mm, 0.30 x 40 mm and 0.32 x 40 mm. 


2.5.7 Hlectrolipolysis needles 


T he needles used in electrolipolysis are metallic 
(body and handle), and identical to those used in 
body acupuncture, although longer. 

Most common dimensions are 0.35 x 40 mm, 
0.35 x 50 mm, 0.30 x 100 mm, 0.32 x 100 mm 
and 0.35 x 100 mm. 
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TABLE 2.4 Characteristics of needles used for dry needling 





Characteristics Advantages 


Needle with no tail 


Wider and more rigid handle 


Surgical stainless steel 


Greater precision during punctures 


Improved manipulation and control 
during the whole treatment 


Differences 


Acupuncture 


NN 
NN 


Dry needling 


Stronger material, allowing for improved 


sharpening and maintenance during 
the multiple insertions 


Triple lubricant coating 
the insertion 
Triple polish 
painful insertion 


Eliminates irregularities, achieving a less 


The lubrication reduces the pain during 


| || 


Adapted from Agu-punt®. Nuevas agujas APS® para puncion seca. Barcelona: Agu-punt®; 2012. 
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FIGURE 2.7 » Monopolar needles. (Colour version of 
f gure is available online). 


2.5.8 Mesotherapy needles 


The needles used in mesotherapy are hollow, 
with a bevel, and small. The most frequent diam- 
eter 1s 27—32G (see chapter 14) and the length 1s 
4—12 mm. 


2.5.9 Injection needles 


The needles used in injection techniques are 
hollow, with a bevel, and the most frequent 
diameter is 19—25G. The appropriate needle 
gauge and length are determined by a number 


of factors, including target tissue, drug formula- 
tion and patient population. 


2.5.10 Contact needles 


Contact needles are made of gold, silver or stain- 
less steel and have rounded tips that are applied 
upon the acupuncture points. They come into 
contact with the skin (touching it) but without 
penetrating into the patient’ body. Traditional 
Chinese philosophy establishes that an energetic 
flow is created through the properties of differ- 
ent metals in touch with the skin with the energy 
of the specifc meridian points. Examples of 
contact needles are the Maeda, Zanshin and 
Teishin needles. 


2.6 LOCATING THE PUNCTURE SITE 


The target tissue for the puncture can be very 
diverse (f gure 2.8) and will be determined by 
the therapy goal and the specifc puncture 
technique. 


2.6.1 Local stimulation 


The structures that are most frequently stimu- 
lated are at the level of the muscle, the classic 
location over the taut band and MTrP, although 
the motor point can also be stimulated. Occa- 
sionally, the location of both these points (myo- 
fascial and motor) coincides with the acupuncture 
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FIGURE 2.8 = Local stimulation. 1, Motor point (motor nerve trunk at hilum); 2, muscle belly (muscle spindles); 
3, musculotendinous junction (Golgi tendon organs); 4, muscle belly (paciniform corpuscles near musculotendi- 
nous junction); 5, muscle belly (free nerve terminals: A-delta fbers, C fbers); 6, muscular trigger point (neu- 
romuscular junction and other loci); 7, neurovascular bundle (nerve, artery, vein and/or lymphatics); 8, 
tenoperiosteal junction; 9, deep fascia; 10, peripheral nerve trunk (motor and sensory nerves); 11, healthy tissue 
around injury or unhealthy tissue; 12, fascial plane (between muscles) or tight band (within muscle); 13, perios- 
teum; 14, joint capsule; 15, intra-articular insertion (synovial membrane); 16, ligament; 17, distal arteriolar 
network. (Courtesy of Dr. Alejandro Elorriaga Claraco). (Colour version of figure is available online). 


points (see chapters 3 and 15). At the level of the 
tendon, it is usually the tendon itself while, over 
the nervous tissue, it 1s possible to stimulate the 
proximity of the peripheral nerve branches with 





; Sclerotome Target stimulation 
techniques such as electroacupuncture or liber- 
ate their entrapment using PNE. Cl Occiput 
C4 Acromion 
C4, C5 Spine of scapula 
2.6.2 Segmental stimulation GS Greater tubercle of humerus 
CorG7 Eateral epicondyle 
Segmental symptoms may be located on the der- TI-L5 Spinous process 
matome, the myotome, the sclerotome (table oe HEE Oreo ae 
£ L3, L4 Medial aspect of tibial plateau 
2.5) or the viscerotome (table 2.6) of a segment L5 Cea eee ae 


(or related segments) (f gure 2.9). For example, 
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TABLE 2.6 Viscerotome: segmental levels of the autonomic innervations of the body 





Part or organ of body 


Sublingual and submandibular salivary glands 
Parotid salivary glands 

Heart 

Lung 

Kidney 

Gastrointestinal tract 

Oesophagus 

Stomach 

Small intestine 

Large intestine: to splenic flexure 

Large imtestime. torsplemic tlexume to rectum 
Urinary bladder 

Reproductive system (male and female) 


a superf cial pain at the shoulder (dermatome) 
can be generated by an alteration at C4 or a 
trigger point with referred pain to the deltoid 
muscle (myotome) can be related to a segmental 
C5-6 alteration; similarly, pain on the lateral 
elbow epicondyle (sclerotome) can be associated 
with dysfunction of C6, and problems in the 
stomach (viscerotome) can be related to an alter- 
ation at T6. 


KEY POINTS 


During puncture techniques, it is important to 
distinguish between those symptoms or signs 
with a local origin and those that are the result 
of a segmental dysfunction. Functional assess- 
ment is essential. 


2.7 NEEDLUING TECHNIQUES 


2.7.1 Insertion-based techniques 


Insertion-based techniques are simple but 
require practice so that they can be performed 
skilfully, causing less pain. The most commonly 
performed techniques are: 
¢ Holding the needle: the needle must be 
held with the tips of the thumb and index 
fnger of the hand that is performing the 
puncture (currently the dominant hand). 
The tip of the middle fnger protects the 
needle and helps guide it. The other hand 
can stabilize the puncture area or help 
guide the needle. 
¢ Flat palpation: the non-dominant hand 
f xes the affected area and tenses or stretches 
the skin surrounding the target tissue with 
the help of the index and middle fnger or 
the index and thumb or the middle fnger 


Sympathetic Parasym pathetic 
T1-T4 Facial nerve 
T1-T4 Glossopharyngeal nerve 
T1-T4 Vagus nerve 
T1-T4 Vagus nerve 
T5-T9 Vagus nerve 
T5—-T6 Vagus nerve 
T6—-T10 Vagus nerve 
T9-T10 Vagus nerve 
T11-Ll Vagus nerve 
L1-L2 S2-S4 

T12—-L2 S2-S4 

T12-L2 S2-S4 


and thumb. The dominant hand inserts the 
needle between both fngers (f gure 2.10). 
Pincer palpation: with the thumb and index 
fnger of the non-dominant hand the tissue 
is pinched at the level of the selected point 
while, with the other hand, the needle is 
inserted. In acupuncture this technique is 
adequate for points with lesser subcutane- 
ous tissue located directly upon the bony 
structures and, in dry needling, for the 
muscles where a pincer grip can be applied, 
such as the sternocleidomastoid muscle or 
the biceps brachii (f gure 2.11). 
Puncture with a guide tube: a puncture 
using a guide tube is employed for per- 
forming a fast puncture with painfree inser- 
tion. The application procedure varies 
depending on the size of the needle. 
¢ Application procedure for a standard 
needle using a guide tube (f gure 2.12): 
the application procedure consists of 
placing the guide tube (which comes 
with the needle) in contact with the site 
where the needle is inserted. The needle 
protrudes above the tube, so that between 
the top of the handle of the acupuncture 
needle and the upper end of the guide 
tube there 1s typically 3—5 mm clearance. 
Afterwards, a blunt tap is applied with 
the index fnger on to the needle while 
supporting it with the other hand in 
order to insert it 3—5 mm through the 
skin into the acupuncture point. The 
blow can be performed with the distal or 
middle phalanx (in which case the tap 
must be frmer and must achieve inser- 
tion of the needle into the frst skin 
barrier in a more effective manner). 
¢ Application procedure for longer needles 
using a guide tube (fgure 2.13): the 
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¢ Axial and Anterior Trunk Inputs 







Miscellaneous extra-segmental stimulation sites 


20. Neurofunctional auricular inputs 
21. Neurofunctional head inputs 

22. Distal somato-vagal reflex sites 

23. Distal neuro-central reflex sites 

24. Neuroanatomical scalp acupuncture 


Trunk neurostimulation sites 


18. Posterior rami C1-S4 (epaxial muscles) 
19. Anterior rami T1-12 (hypaxial trunk muscles) 








Copyright © 2012 Dr. Alejandro Horriaga Claraco. All rights reserved. 
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FIGURE 2.9 =» Segmental stimulation. (Courtesy of Dr. Alejandro Elorriaga Claraco). (Colour version of figure is available 


online). 
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FIGURE 2.12 =» Application procedure using a standard 
needle and a guide tube. (Colour version of f gure is 
available online). 





FIGURE 2.10 = Flat palpation. 
(Colour version of f gure is avail- 
able online). 


FIGURE 2.11 = Pincer palpation. 
(Colour version of f gure is avail- 
able online). 


TeWa® acupuncture brand has been a 
pioneer in the development of the Safe-T 
sleeve (f gure 2.4C) in order to ensure a 
correct and safe application of longer 
needles. In this case, each needle comes 
with a guide tube, one of which is the 
same as the conventional guide, which is 
called the insertion tube, as it allows the 
professional to insert the needle into 
the dermis (in the manner described in 
the previous point) and a second, shorter 
guide, called a guide sleeve, which is on 
the outside of the insertion tube, is used 
after withdrawing the conventional guide 
tube. The sleeve enables completion of 
the insertion and manipulation of the 
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FIGURE 2.13 = Application procedure for longer needles using a guide tube. (Courtesy of TeWa®). 


needle without compromising sterility, 
as this system enables needle insertion 
without having to touch the needle shaft. 
¢ Puncture guiding the needle with the 
other hand: in puncture of the deeper 
points, longer needles are used. In order to 
avoid the needle deviating from the 
intended direction, or to avoid the needle 
bending, it is guided with the other hand, 
which holds it using sterile cotton wool 
(f gure 2.14). Currently, there are double 
guide tube yeent that guarantee safe FIGURE 2.14 = Invasive technique using the other hand 
and correct insertion of longer needles as a guide. (Colour version of fgure is available 
(TeWa® system). online). 
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FIGURE 2.15 = Invasive technique using nail pressure. 
(Colour version of f gure is available online). 


¢ Puncture applying pressure with the nail: 
the nail of the thumb or index f nger applies 
slight pressure upon the area that is to be 
punctured. The puncture takes place along- 
side the nail, so that the nail acts as a guide 
for the insertion of the needle whilst secur- 
ing the point (f gure 2.15). 
Once the frst skin barrier is crossed, it is recom- 
mended to perform small movements with the 
needle in order to facilitate insertion, especially 
when the needle remains ‘stuck’ in the facial 
tissue. 

It is possible to decrease the painful sensation 
that accompanies needle insertion by using a dis- 
traction strategy: 

¢ Complete the procedure using a guide 

tube. 

¢ Verbal-cognitive distraction: start a relaxed 

conversation with the patient on a pleasant 
topic (e.g. holidays, travel, sports), which 
will help distract the person’ attention 
away from the needle. 

¢ Progressive contact: place the needle tip for 

a moment on the subject’ skin to provoke 
a minimal pain and then introduce the 
needle 1-2 mm before the fnal insertion. 
Do this with care, as the opposite effect can 
be observed in patients who are apprehen- 
sive of needles. 

¢ Skin pinch: give a small pinch of the skin 

to desensitize the mechanoreceptors and 
then immediately perform the puncture. 

¢ Respiratory cycle: insert the needle while 

the patient is exhaling. 


2.7.2. Mobilization/manipulation 
techniques 


The needle mobilization and manipulation tech- 
niques are the different procedures performed 
by the professional to reach the puncture target. 
The most commonly used manipulation tech- 
niques are as follows. 
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FIGURE 2.16 = Lifting and thrusting. (Colour version of 
f gure is available online). 


Insertion 


The needle is introduced to the desired depth 
and then immediately withdrawn without twist- 
ing or stimulating the tissue in any way. 


Lifting and thrusting 


The needle is lifted upwards and thrust down- 
wards. A low-amplitude movement is used 
(<1 mm) combined with high frequency (approx. 
4—8 Hz) or high amplitude (+2 mm) and low fre- 
quency (approx. 1-2 Hz) over different planes 
(f gure 2.16). This can be performed on a single 
plane or on multiple tissue planes (fan-like 
application). 


Sparrow pecking 


This is a method of rapid lifting and thrusting. 
Once the needle is introduced to the desired 
depth, it is partly withdrawn, thrust and rotated 
rapidly various times like a bird pecking food 
(f gure 2.17). This technique must be avoided in 
areas of the plexus. This is the technique of 
choice for stimulating the periosteum and the 
corresponding sclerotome, and is called perio- 
steal pecking. For example, it is used over the 
acromion in order to stimulate C4 or the lateral 
epicondyle to stimulate C6—7. 


Scraping 


T his technique consists of using the nail of the 
index fnger to scrape the needle handle while 
the needle is inserted in the target region (f gure 
2A8): 


Swaying 


T his technique consists of holding the handle of 
the needle and gently swaying it from left to 
right (f gure 2.19). 
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FIGURE 2.17 =» Sparrow pecking. 
(Colour version of f gure is avail- 
able online). 


FIGURE 2.18 = Scraping. (Colour 
version of fgure is available 
online). 





Flicking (unidirectional—bidirectional); and (4) the 
number of rotations. 

¢ Width: reduced width (rotation of the 

needle with a rotation angle of <90°) or 

greater (rotation angle >180°) (f gure 2.21). 

¢ Frequency. rotations of a high frequency 


T his consists of flicking the needle handle or tail 
with the index f nger to shake the needle slightly 
(f gure 2.20). 


; (approx. 4-8 Hz) and low frequency 
See (approx. 1—2 Hz) are both considered. 
Together with simple puncture, rotation is the ¢ Direction: unidirectional or bidirectional; 
most frequently applied needle movement. in other words, twisting one way or the 
Four main components to the needle twist other. In this case, the studies performed'* '* 
are described: (1) the width (small—large); conclude that the unidirectional or bidirec- 


(2) the frequency (high—low); (3) the direction tional twist generated by the needle can 
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FIGURE 2.19 =» Swaying. (Colour 
version of fgure is available 
online). 





FIGURE 2.20 = Flicking. (Colour 
version of fgure is available 
online). 





FIGURE 2.21 = Needle rotation angle. (A) 90°. (B) 180°. (C) 360°. (Colour version of f gure is available online). 
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induce an active response of fbroblasts 
(fgure 2.22). There are several possible 
combinations for stimulating the tissue via 
the mechanotransduction mechanism.'* |’ 
With rotation this is in a single direction 
(unidirectional) and a conceptual model 
can be established'* '* that is reproducible 
in clinical practice. When the needle is 
given a few twists, the connective tissue 
is tensed and this causes the needle to 
become ‘blocked’ or ‘stalled’ (called ‘needle 
grasp’) (f gure 2.23). In this case, additional 


tissue to remain rolled around the needle 
forming a spiral or, presumably, generating 
a strong mechanical stimulus. It is not clear 
what happens with the stimulus generated 
by the needle in a bidirectional twist, when 
the needle is twisted slightly one way and 
then twisted in the same manner in the 
opposite way. 


¢ Number of rotations: several possible com- 


binations are available in order to obtain a 
stimulus over the f broblasts. It is thought 
that an optimal response is obtained with 
two or three turns.'* '° 


rotation causes large amounts of connective 


FIGURE 2.22 = Effect of rotating 
the needle. (A) Insertion into 
points close to the target tissue. 
(B) The twist causes a mechanical 
stimulus on the target tissue. 
(Colour version of f gure is avail- 
able online). 
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FIGURE 2.23 = Effect of rotating the needle upon the soft tissue: needle grasp. (A) Insertion. (B) Rotation. (Adapted 
from: Langevin HM, Konofagou EE, Badger GJ, et al. Tissue displacements during acupuncture using ultrasound elas- 
tography techniques. Ultrasound Med Biol. 2004 Sep;30(Q):1173-—1183). (Colour version of figure is available online). 
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FIGURE 2.24 = (A) Superf cial dry needling. (B) Deep dry needling. (Colour version of f gure is available online). 


KEY POINTS 





The most common needle manipulation tech- 
niques are lifting and thrusting of the needle, 
together with rotation. 





2.7.3 Applied techniques 


Acupuncture 


The most commonly applied techniques in acu- 
puncture are insertion with rotation and sparrow 
pecking. Traditional Chinese medicine distin- 
guishes between tonif cation (stimulation) tech- 
niques and sedation (dispersion). High-frequency 
techniques, with short rotation in the sense of 
the meridian, are considered to be tonifying, and 
low-frequency techniques, with longer rotations 
and in the opposite sense of the meridian, are 
sedating techniques (see chapter 15). The scrap- 
ing technique is used as a tonif cation technique 
in selected points for chronic cases. 


Dry needling 


Dry needling techniques can be classif ed accord- 
ing to whether the needle reaches the MTrP and 


the taut band. In this manner, one can differenti- 
ate between superf cial dry needling techniques, 
when the needle is inserted about 5—10 mm into 
the tissue above the MTrP (f gure 2.24A) (simple 
insertion), and deep dry needling techniques 
when the needle passes through the MTrP (f gure 
2.24B) (technique of sinking and raising the 
needle in a fan-like application) (see chapter 8). 


Percutaneous needle tenotomy 


Percutaneous (across/through the skin) needle 
tenotomy (cutting or making an incision in a 
tendon) isa common procedure in the treatment 
of chronic tendon problems. In this technique, a 
hypodermic needle is advanced through the skin 
in order to make small incisions and slices within 
a tendon (approximately 20-30 needle passes) 
(see chapter 11). 


Percutaneous needle electrolysis 


Regarding the treatment of the tendon tissue, 
PNE techniques such as EPI®, EPTE® or 
MEP® are targeted at different interphases 
(superf cial interphase, intratendon and deep 
interphase) (f gure 2.25) while, in the case of the 
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FIGURE 2.25 = Percutaneous 


needle 
(Colour version of f gure is available online). 


electrolysis. 


muscle tissue, the approach to the MTrPs con- 
sists of lifting and thrusting the needle into dif- 
ferent planes in the taut band and MTrP (see 
chapters 8 and 14). These techniques are often 
associated with needle rotation to reinforce the 
mechanotransduction effect.'> '’ 


Mesotherapy 


The most commonly used techniques in meso- 
therapy are epidermal and intradermal injection, 
intradermal nappage and intradermal papule (see 
chapter 17). In these cases, the medication is 
applied at a local level in small but repeated 
quantities. In addition, application without med- 
ication can be performed (‘dry mesotherapy’), as 
the cutaneous stimulation of the needle itself 
(approximately 4 mm) generates a local response 
(increased circulation and metabolism at the 
local level) and constitutes a segmental stimulus 
at the dermatome level. 


Injection therapy 


Injection techniques can be divided into single- 
injection techniques and ‘peppering’ or ‘fan’ 
techniques. The single-injection technique con- 
sists of depositing the solution in a single flow 
(the bolus technique) at the identifed area of 
maximal tenderness. The entire contents of the 
syringe are deposited at the site, after which the 
needle is withdrawn. This technique is most 
often used for the treatment of bursae and joint 
cavities. 

The ‘peppering’ or ‘fan’ technique involves a 
fanning in-and-out motion of the needle while 
injecting the affected tissue (several small drop- 
lets). Three-dimensional imaging of the target 
structure is an important adjunct to this tech- 
nique as the needle tip must be introduced into 


different parts of the structure via half-with- 
drawals and redirections in order to be able to 
inf ltrate the solution both deeply and more 
superf cially. This technique is probably the 
most commonly used method for tendons and 
ligaments. 


2.8 APPLICATION MODALITIES 


A series of different application modalities exist 
with regard to needle puncture techniques. 
These are the application at a greater or lesser 
depth, or the use of a greater or lesser tilt with 
a manually guided application (or with the use 
of ultrasound guidance), the use of local anaes- 
thesia or not, depending on the application time 
and, fnally, whether these are associated with 
other physical agents such as heat (moxibustion) 
or electricity (e.g. electroacupuncture, electro- 
lipolysis, PN E). 


2.8.1 Palpation-guided versus 
ultrasound-guided 


Invasive techniques can be applied using palpa- 
tion (conventional anatomical landmark palpa- 
tion-guided interventions) or musculoskeletal 
ultrasound (ultrasound-guided interventions) 
(see chapter 7). 

Traditionally, invasive techniques have been 
palpation-guided, and are an intrinsic part of the 
technique, such as in the case of acupuncture, 
where there is a thousand-year-old representa- 
tion of the meridians and acupuncture points 
along with their corresponding anatomical and 
topographical relations. 

The main advantage of ultrasound-guided 
interventions is that they enable a completely 
safe technique, reducing the risks of complica- 
tions, and increasing the effectiveness of the 
technique, as these applications allow identif ca- 
tion of the affected tissue and, therefore, treat- 
ment is specif cally targeted at the area. This 1s 
especially important in techniques such as PNE 
or dry needling where deep tissues are treated. 

The main diffculties associated with the 
application of ultrasound-guided techniques are 
the technical problems of managing the ultra- 
sound probe and the needle bimanually and the 
impossibility of performing the application in 
select small areas with conventional probes, as 
there is not enough space. 

In any case, musculoskeletal ultrasound 
enables analysis of the tissue and, therefore, the 
presence of a vasculonervous element can be 
ruled out and a follow-up of the treated area is 
possible. 
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2.8.2 Depth of the puncture 


The depth of the puncture depends on the loca- 
tion of the target body structure that one intends 
to stimulate, the constitution of the patient (thin, 
athletic or stocky patients) and the invasive tech- 
nique to be applied. Besides this, in traditional 
Chinese medicine the overall symptoms are con- 
sidered. For example, when the process is mild 
or acute amore superf cial puncture is performed 
whereas, in severe or chronic pathologies, needles 
are generally introduced at a greater depth. 

From a neurophysiological point of view, the 
puncture depth is an essential element to achieve 
segmental stimulus of the different structures, 
and depending on whether one wishes to stimu- 
late at the level of the dermatome, myotome, 
sclerotome or viscerotome (f gure 2.26) (see 
chapter 10). According to this concept, the 
deeper the application, the greater the stimulus. 

Scientifc evidence suggests that a greater 
puncture depth achieves a greater local response 
(greater superf cial blood flow in the skin and the 
muscle).!**! 

Depending on the invasive technique, the 
following approximate tissue depths can be 
stimulated: 

¢ Mesotherapy uses subcutanous applications 

at 3-4 mm. 

¢ In acupuncture most punctures are per- 

formed at a maximum depth of | cm. 
¢ In electrolipolysis the applications are per- 
formed on the fat tissue from 1 cm to 
4—5 cm depth. 

¢ Dry needling and PNE techniques use 
punctures at various depths; the most 
common range from | cm to 7 cm deep, 
depending on the target tissue. 
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2.8.3 Direction of the puncture 


The puncture angle depends on the topographic 
characteristics of the selected point and its target 
structures (f gure 2.27). 


Perpendicular puncture 


A perpendicular puncture is performed in areas 
of muscle or fat tissues. In this case, the needle 
is introduced perpendicularly to the skin surface. 


Oblique puncture 


The needle is inserted at an angle of 30—50° in 
relation to the skin surface. This technique is 
used when the target tissue must be accessed 
obliquely in relation to the puncture point. It is 
appropriate in points with scarce soft tissue, for 
example in an approach on the thorax in order 
to avoid a pneumothorax or when treating the 
head area. It is also used in techniques of zoned 
acupuncture,” when the needle is inserted at 30° 
to the skin and introduced until it remains flat 
upon the skin. 


Transverse/horizontal puncture 


The needle is introduced at a 5—15° angle in 
relation to the skin surface. This technique is 
used in points located below a very thin layer of 
soft tissue, such as, for example, in the case of 
acupuncture points found on the skull. 


2.8.4 Number of needles 


The number of needles used in the same session 
depends on the technique. In acupuncture and 


Sclerotome T7 


Myotome 17 


FIGURE 2.26 = Puncture depth. Topographic 
relations among the different structures in 
the T7 segment. Depending on the depth of 
puncture, different segments can be influ- 
enced. (Adapted from: Ma YT, Ma M, Cho ZH. 
Biomedical Acupuncture for Pam Management. 
An Integrative Approach. St Louis, MO: 
Elsevier; 2005). (Colour version of figure is avail- 
able online). 





FIGURE 2.27 = Direction of the puncture. 
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(Colour version of f gure is available online). 





Treatment variable 


Number of points 


Needle type 
Number of needle 


Minimum treatment involves one 
point only; usual treatment 
involves 4—10 points 

Highly polished surface reduces effect 

Minimum one needle insertion 


More points 


larger diameter may Wave Greater eect 
More insertions 


insertions 
Depth of insertion 
Needle stimulation 


Superf cially 


ype of electrical 
stimulation 


Needle retention time 10 mi (acupuncture) 


Treatment frequency Usually weekly 


mesotherapy, the number of punctures is greater 
than in dry needling or PNE. In clinical acu- 
puncture practice, 8-10 punctures are used on 
average in each session (up to a maximum of 30), 
and the number of sessions per week is usually 
one or two. The recommendation is to increase 
the dose gradually once you know how the 
patient responds. Table 2.7 shows the factors 
involved in the strength of sensory stimulation 
that may affect the dose of a treatment. 
Similarly, it is important to assess the clinical 
state of the patient, especially in the presence of 
disorders such as f bromyalgia, which can react 
with episodes of intense pain if the system is 
overstimulated by a large number of punctures. 
Likewise this is true where the immune system 


Only manual (mechanical) stimulation 


Transcutaneous electrical nerve 
stimulation (TENS), microcurrent 


From superf cial to deep 

Increasing from manual, such as the 
addition of electrical or heat 
stimulation after needle insertion 

Galvanic current, high-volt pulsed 
galvanic stimulation 

Longer is generally considered to be 
stronger, up to about 30 minutes 
maximum (acupuncture) 

Twice weekly 


is depressed, or in illnesses such as diabetes, 
when the inflammatory response is altered. 


KEY POINTS 


The greater the number of needles, the greater 
the stimulus to the system. 


2.8.5 Local anaesthetic measures 


Invasive techniques can be applied with the help 
of local anaesthetics in order to reduce pain and 
increase patient comfort. They are especially 
useful in sensitive areas, such as the sole of the 
foot; however they reduce the possibility of 
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patients being able to correlate the pain (that 
motivated the consultation in the frst place) 
with the area that the needle is stimulating. The 
most commonly used measures are topical 
EMLA'™-type creams and sprays or cold systems 
such as Coolsense®: 
¢ EMLA™: this is a local anaesthetic com- 
posed of lidocaine and prilocaine, which is 
indicated for alleviating pain on the skin 
prior to interventions such as punctures. 
The common dose in adults for puncture 
techniques is approximately 2 ¢ (1 g of 
EMLA\'™ is approximately 3.5 cm). For this 
purpose, the cream must be applied to the 
area and covered with an occlusive dressing 
(for example, transparent plastic) for a 
minimum of 1 hour and a maximum of 5 
hours.” This is commonly used in applica- 
tions over the perineal muscles. 
¢ Cold sprays: a local anaesthetic effect is 
achieved with the application of a cold 
spray to the skin surface. The procedure 
consists of applying a spray over the skin 
for 2-4 seconds at a minimal distance of 
20 cm, with an approximate angle of 30°, 
and a small and uniform spraying with two 
or three applications. It is advisable to avoid 
spraying a single point, as this can produce 
acute pain. The frst time cold spray is 
applied it is advisable to demonstrate the 
technique to the patient frst by applying 
the cold spray on the physiotherapist’ 
hand, and then using the spray on the 
patient’ hand to avoid a shock or muscle 
spasm in the area to be treated. These 
products are particularly used in mesother- 
apy applications (f gure 2.28A). 
¢ Coolsense®: this is a recently developed 
system consisting of a local anaesthesic 
that, when it comes into contact with skin, 
makes it cold. In this case anaesthesia 1s 
achieved by contact of the instrument with 
the target area of the skin at a temperature 
of between 0 and —4°C for 4—5 seconds. 
Prior to the application, the instrument is 
kept in the freezer for aminimum of | hour 
(f gure 2.28B). 
The main advantage of the cold systems (sprays 
and Coolsense®) in comparison to EMLA'™ is 
the time needed to achieve local anaesthesia. 


2.8.6 Needle retention time 


We can distinguish between immediate, sem1- 
permanent and permanent punctures. There is 
no evidence to show that immediate punctures 
are superior to semipermanent or permanent 
punctures. 
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FIGURE 2.28 = (A) Cold spray. (B) Coolsense®. 


¢ Immediate punctures are kept in place 
during the session. 

¢ Semipermanent punctures are kept in place 
until the following session. 

¢ Permanent punctures are left in for a long 
time (generally until they fall away by them- 
selves). They are usually implanted in the 
outer ear. The technique consists of intro- 
ducing the needle and stabilizing it with 
surgical tape until it falls out on its own. 


2.8.7 Associated physical agents 


T he mechanical effect of the needle (associated 
with the puncture) can be combined with other 
physical agents and electrotherapeutic modali- 
ties, such as: 
¢ Heat: the application of heat via the 
needle (known as ‘hot-needle acupunc- 
ture’) is used in moxibustion techniques 
(f gure 2.29). 
¢ Light: infrared light may be used with acu- 
puncture applications as an _ associated 
measure to promote relaxation. 
¢ Electricity: there are several possibilities 
for combining the mechanical effect of the 
needle with the electric current (transcuta- 
neous electrical nerve stimulation [T EN S]- 
type current [acuT EN S| or microcurrents) 
(see chapter 16) (f gure 2.30). 
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¢ Vibration: with a tuning fork or manual 
‘vibration’ techniques, whereby the needle 
is grasped and vibrated. 


2.9 OBJECTIVES OF THE NEEDLING 
TECHNIQUES 


Six main objectives are associated with the inva- 
sive techniques: (1) De-Xi (Qi) sensation; (2) 
local twitch response (LT R); (3) reproduction of 
the pain pattern; (4) tissue elasticity; (5) needle 
effect; and (6) muscle contraction. 


2.9.1 De-Xi (Qi) sensation 


According to acupuncture technique, if the acu- 
puncture point has been correctly located as 
regards direction and depth, the patient may 
describe sensations such as: ‘dull pressure’, 
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FIGURE 2.29 =» Moxibustion. (Colour version of f gure is 
available online). 


‘electric tingling’, ‘tension’, ‘heaviness’ and 
‘heat’, all of which last for milliseconds,” and 
which are different from the simple pain associ- 
ated with the puncture. This phenomenon is 
known in Chinese literature as De-Xi or Qi 
(which represents the arrival of Xi or Qi energy). 
The goal is to trigger the De-Xi and orient it 
towards the preferred direction. In other words, 
once De-Xi is elicited, the needle must be 
directed towards the area of interest. For 
example, in the TH23 point (located upon the 
tail of the eyebrow) the De-X7 is sought and the 
needle is oriented outwards in the case of tem- 
poral headaches, or inwards in the case of eye 
pathology or tear duct disorders. If the De-Xi 
sensation irradiates along the course of the 
meridian, the phenomenon of propagated sensa- 
tion along channels occurs. This is most fre- 
quent when muscle points are stimulated. In the 
same manner, the professional must perceive the 
De-Xi as a resistance to the movement of the 
needle, which is known as ‘needle grasp’. 

Most acupuncture specialists consider the 
provocation of De-Xi during puncture as a sign 
of a positive clinical result.** ~’ Recently, however, 
the influence of De-Xi in the result of acupunc- 
ture treatments was studied for patients with 
osteoarthritis of the knee and hip.” The results 
showed that there was no signif cant correlation 
between the strength of the De-Xi and the 
improvement of the pain and, also, that there 
were no signif cant differences in pain relief for 
those who felt De-Xi and those who did not. The 
study concluded that the presence and intensity 
of De-Xi have no effect on the pain relief obtained 
in patients with osteoarthritis. The De-Xi effect 
can be reinforced when associated with the stim- 
ulus of the needle with electric current (electroa- 
cupuncture) or the vibration (tuning fork or 
manual ‘vibration’). 





FIGURE 2.30 = Electroacupuncture. 
(A) Ashi points. (B) Intramuscular. 
(Colour version of f gure is avail- 
able online). 
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2.9.2 Local twitch response 


The LTR is an involuntary muscle contraction 
associated with puncture on an MTrP or neigh- 
bouring area. This response has a diagnostic 
character, as it confrms the existence of a myo- 
fascial dysfunction and a therapeutic dysfunc- 
tion, as elicitation of an LTR is associated with 
ereater effectiveness of the puncture technique 
(see chapter 8). There appears to be a correlation 
between the high velocity with which the needle 
is inserted and the possibility of obtaining an 
LT R?!33 


2.9.3 Reproduction of the pain 
pattern 


The reproduction of the patient’s symptomatic 
pain (the reason for the consultation) can be 
achieved by a mechanical deformation of the 
affected tissue (compression, traction, stretching, 
contraction or puncture). In the case of stimula- 
tion with MTrPs via dry needling or PNE it is 
possible to reproduce the patient’s referred pain 
pattern or, in the case of a tendinopathy, trigger 
the pain pattern that the subject experiences after 
a sports activity, although this is usually of less 
intensity. For example, needle stimulation of the 
MTrP found on the infraspinatus muscle can 
cause pain in the patient’ anterior shoulder. Also, 
stimulation in the inferior pole of the patella in 
relation to the deep f bres of the patellar tendon 
and H offa’s fat pad can reproduce the symptoms 
of patellar tendinopathy. 


2.9.4 Tissue elasticity 


During the application of puncture techniques, 
changes in tissue texture are perceived by the 
therapist, and often a signifcant reduction in 
tissue resistance is felt. This is described by the 
authors as a ‘softening’ effect of the involved 
collagen tissue. It can also be a useful criterion 
for the physiotherapist, indicating the need to 
fnish the application of the technique. In this 
sense, the needle or needle holder acts as an 
extension of the therapist’s hands through which 
this change 1s perceived. 


2.9.5 Needle effect 


The needle effect, described by Lewit,’ is the 
immediate analgesic effect of the puncture when 
the needle manages to reach the precise point 
responsible for the patient’ symptoms. The 
improvement in real time is referred to as the 
summation of the immediate improvement of 


the pain as well as the function (e.g. mobility, 
force, stability). 


2.9.6 Muscle contraction 


In the stimulation of the motor point and the 
peripheral nervous branch, the objective is to 
achieve a rhythmic non-painful contraction. On 
occasion, the initial contraction is irregular and 
of poor quality, and this is indicative of muscular 
dysfunction. 

In any of these circumstances, the effective- 
ness of the puncture technique is greater. 


2.10 SENSATIONS PRODUCED BY 
THE NEEDLE PUNCTURE 


2.10.1 Provoked sensations 


The biological mechanisms associated with the 
puncture will determine the characteristics of 
the different sensations that the patient describes 
during the treatment. 

The puncture per se is considered to be 
a process of nociceptive stimulation that 
causes mechanical and biochemical effects. The 
mechanical effects are the pressure of the needle 
on the skin, the target area and the alteration 
of the nociceptors. The biochemical effects 
include the neurogenic inflammation induced by 
the needle and the liberation of neuropeptides 
from the nociceptors and the different tissues, 
substance P, bradykinin, prostaglandins, serot- 
onin, somatostatin and calcitonin gene-related 
peptide.** ~~ 

When the physiotherapist inserts the needle 
into the patient’s body, the frst effect is loss 
of continuity of the skin (frst defensive barrier 
of the immune system) and of the superf cial 
fascia. The puncture produces a ‘microtrauma’ 
or ‘microlesion’ in the whole of the soft tissue 
that it passes through, including muscle f bres, 
nerve terminals, blood vessels, fascias, tendons, 
ligaments and periosteum. It also activates the 
self-repairing processes of the tissue. These 
‘microlesions’ are understood to be a mechan1- 
cal and neurophysiological stimulus of the soft 
tissue via a physical agent such as the needle. 
T hey remain active when the needle 1s extracted, 
which makes the biological system activate both 
the physiopathological repair systems of the 
soft tissue, as well as the neurobiological 
systems of pain in order to normalize the acute 
or chronic dysfunction of the soft tissue. This 
process requires coordination of the nervous, 
immunoendocrine and cardiovascular systems, 


2 


via control that is determined both by periph- 
eral mechanisms (e.g. nociceptors and the lib- 
eration of neuropeptides) as well as central 
mechanisms. 

Once the needle touches the patient’s skin and 
passes through it, the response of the nocicep- 
tors of the sensitive cutaneous nerves is quite 
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varied (especially type III] fbres or type Ad) 
(table 2.8 and f gure 2.31). Therefore the sensa- 
tion the patient feels can range from a nervous 
current that extends from proximal to distal 
(equivalent to De-Xi or Qi described in acupunc- 
ture), to shooting pain, tingling and even, at 
times, a feeling of burning. Once the needle 





TABLE 2.8 Neurophysiology of needling 
Sensory fibre Sensory fibre Diameter Velocity 
ABC type HIV type (um ) (m/s) 
Aa la 15-20 70-120 
1b 
AB II 5-12 30-70 
Ay II 3-6 15-30 
Ad Il 2-5 12-30 
C IV 0.4-1,2 0.5-2 
Adapted from Guyton and Hall.* 







Mast cell 


FIGURE 2.31 = Tissue damage and micro- 
biological injury created by the needle. 
(Adapted from: Watson T. Electrotherapy: 
Evidence Based Practice. 12th edn. Edin- 
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burgh, Churchill Livingstone Elsevier; 2008). 
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reaches deep tissues, stimulation occurs, mainly 
Over nerve terminals that innervate the muscle 
tissue and unmyelinated nervous sensitive term1- 
nals (type IV or type C fbres) which innervate 
the blood vessels and other soft tissues. 

Commonly, an acute shooting pain appears 
when a blood vessel has been penetrated, but it 
may be associated with other signs, such as dull 
ache, a feeling of pressure, heaviness, residual 
pain, tingling, dysaesthesias. In summary, the 
sensation depends on the type of nervous fbre 
that has been stimulated via the needle and the 
physiological conditions of the neighbouring 
tissue (for example, the possible presence of 
inflammation mediators). It is important to warn 
patients that some sensations caused by the 
puncture, such as a heaviness, pressure or dull 
ache, can remain for 1—2 days (this is something 
that occasionally coincides with the peak of 
maximal pain, followed by a decrease over the 
following 2—3 days). 


KEY POINTS 


A feeling of shooting pain when the needle is 
inserted is usually indicative of having reached a 
blood vessel. 


On the other hand, when a puncture 1s per- 
formed over points on the patient’s upper or 
lower extremities, the patient may experience a 
slight sensation of a current ascending or 
descending along the length of the stimulated 
extremity. T his is equivalent to the phenomenon 
of propagated sensations along the channel 
(described in acupuncture). When punctures are 
performed on the trunk, the sensation that a 
patient experiences may be local. Some patients 
refer to experiencing an odd sensation, similar 
to energy circulating from the needle, towards 
the head and towards the feet. T his could be due 
to the convergence of cutaneous and muscular 
afferents. 

Immediately after introducing the needle into 
the skin and reaching the target tissue, the painful 
sensation felt by the patient decreases consider- 
ably or totally disappears until needle manipula- 
tion commences. T his phenomenon is known as 
the ‘silence of the painful sensation’. If, once the 
needle is inserted, the pain persists, 1s acute, or 
generates discomfort in the patient, it is appro- 
priate to withdraw the needle and reinsert it in 
an adjacent point. Once the needles are inserted, 
the patient should also experience a cool sensa- 
tion, especially in applications that remain for 
longer periods, such as acupuncture. In this case 
it is possible to combine the puncture with meas- 
ures of superf cial heat, such as infrared. 


Although the most common sensations 
patients report caused by puncture are produced 
via peripheral mechanisms, central mechanisms 
also have a role in the clinical presentation of 
the patient and the effectiveness of the invasive 
techniques. T he central nervous system controls 
and coordinates the peripheral mechanisms 
when the needle penetrates the skin and reaches 
a deep tissue. From the peripheral receptors, the 
information passes upwards along the spinotha- 
lamic tract, the brainstem, the thalamus and the 
hypothalamus until it reaches the somatosensory 
cortex and the limbic system. T hese are areas of 
the central nervous system that perform impor- 
tant tasks, such as nociceptive processing and 
perception of the pain experienced by the patient. 
In clinical daily practice, reactions such as sweat- 
ing, tachycardia or goose bumps (piloerection) 
are symptoms that the patient experiences and 
which are also key in the effectiveness of punc- 
ture techniques. 


2.10.2 Response patterns 


Regarding the response elicited by the invasive 
techniques, different patterns can be described 
among the subjects that are important for clini- 
cal practice. 


Strong responders 


T hese are the patients who respond surprisingly 
fast to the invasive techniques, immediately after 
the application of a small stimulation. This 
response may be of relaxation, euphoria, drowsi- 
ness or crying and, in any case, they describe a 
feeling of feeling ‘well’. These are patients who 
require little treatment and few sessions and who 
will rapidly improve. They respond far better 
than normal. 


Weak responders 


In these cases the invasive techniques require a 
ereater stimulation (for example, a greater 
number of needles, needles with a larger diam- 
eter and the use of manipulation techniques) in 
order to achieve an effect. They do not have an 
immediate response and it is harder to provoke 
stimulus, such as De-Xi. These patients require 
a greater number of sessions. 

Between both of these extremes are the so- 
called ‘mid-responders’, who respond more in 
the mid-range. In other words, they are per- 
ceived as being average, given that approximately 
half respond below this value (mid-low respond- 
ers), while the other half respond above (mid- 
high responders). 
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Non-responders 


These patients do not display a therapeutic 
response to invasive treatment. However, 
although some patients may not display an 
immediate local or general reaction to the treat- 
ment, it does not necessarily mean that they are 
‘non-responders’. This must be assessed in the 
mid to long term. Non-responders are usually 
associated with changes in the immune system, 
such as diabetes, or associated with the con- 
sumption of steroids or corticosteroids. 

Clinically, it is important to distinguish 
between strong and weak responders when plan- 
ning a therapeutic intervention. In the case of 
patients who are weak responders, a treatment 
that is below their dosage will not cause relief of 
symptoms. However, for strong responders, a 
dosage above the necessary could even worsen 
their symptoms, at least temporarily. This reac- 
tion is equivalent in pharmacology to the thera- 
peutic dosage above the necessary. 


2.11 PHYSIOLOGICAL REACTIONS 
TO THE NEEDLE PUNCTURE 


2.11.1 Skin 


T he skin is the f rst defence barrier of the human 
body. W hen a puncture breaks the skin, a cascade 
of physiological events are triggered as aresponse 
to the mechanical aggression. 

When the patient presents a musculoskeletal 
disorder, and during clinical study, the physio- 
therapist identif es a sensitive area susceptible to 
treatment via a needle puncture. Often, the elec- 
tric conductivity of the skin is increased around 
this area while its resistance is decreased due to 
the presence of liquid in the interstitial space and 
the presence of ions as a result of inflammation. 
The introduction of a needle at this point will 
provoke a local acute inflammatory response of 
all skin components. As a consequence, the frst 
objective sign is redness of the skin around the 
puncture (dilation of the arterial and venous net- 
works) followed by the appearance of oedema. 
This vasodilation of the autonomous nervous 
system is mediated by substance P, triggering an 
immune reaction due to stimulation of the mast 
cells, which liberates histamine, a platelet-acti- 
vating factor and leukotrienes.*”*” 


2.11.2 Connective tissue 


W hen the needle is inserted into the tissue, an 
initial coupling occurs between the metallic 
body of the tissue and the collagen f bres. This 


affnity is caused by superfcial tension and 
attraction between the needle metal and the 
electric charge of the connective tissue. Once 
this coupling has occurred, the friction force 
becomes the leading element. At this point, 
needle rotation increases tension in the f bres 
due to the fact that they wind around the needle, 
which in turn causes traction and realignment 
of the network of connective tissue fbres.'* '* 
Clinically, the physiotherapist perceives needle 
resistance, not just with regard to the rotation, 
but also frequently occurring when the needle 
penetrates the skin and, at the same time, the 
patient feels a sensation of rigidity. According to 
clinical evidence, the liberation response of this 
resistance that the patient experiences is greater 
and faster when the application of a galvanic 
current is associated with the mechanical needle 
stimulus, as occurs in PNE techniques. 

T his mechanical stimulus affects the extracel- 
lular matrix, the fbroblasts, the cross-bridges 
between collagen fbres and, according to 
various authors, the capillary endothelial cells. 
As a response to this physical deformation, 
the cells initiate a cascade of cellular and molecu- 
lar events, such as the reorganization of the 
intracellular cytoskeleton, migration and cellular 
contraction, autocrine liberation of growth 
factors and the activation of intracellular infor- 
mation tracts and nuclear binding proteins 
that promote the transcription of specif c genes. 
This physiological phenomenon is known as 
mechanotransduction.’> "” 

For clinicians, it is important to have a clear 
understanding of the immediate effect of the 
puncture. Although it is known that the success 
of the puncture techniques does not solely lie in 
manipulation of the needle, in daily clinical prac- 
tice, the physiotherapist may beneft from the 
effect that this mechanical stimulus provokes 
over the resistance of the soft tissue. 


2.11.3 Muscle tissue 


The puncture produces a decrease in local 
muscle tension referred by the patient as a con- 
sequence of a myofascial dysfunction. As we have 
already explained, the needle manipulation and 
the puncture per se have an effect of mechanical 
deformation on the fbres of collagen tissue. 
According to clinical evidence, the mechanical 
stimulus also helps to stretch the muscle, block- 
ing, on the one hand, the process of energetic 
crisis (described by Simons”') that currently sus- 
tains the pathophysiology of the MTrPs as well 
as the reflex points of the acupuncture system. 
These aforementioned mechanisms have 
been demonstrated to be effective for muscular 
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relaxation, the re-establishment of local blood 
circulation, and the promotion of tissue repair, 
without any side effects. Furthermore, if the 
patient presents a myofascial acute and localized 
pain, muscle relaxation can be achieved immed1- 
ately. In other clinical situations ongoing treat- 
ment 1s required. 
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3.1 INTRODUCTION 


Physiotherapy, intrinsically, requires a thorough 
knowledge of the superfcial anatomy of the 
human body and an extremely accurate interpre- 
tation of the relations between the anatomical 
structures of the deep planes. T he incorporation 
of new therapeutic procedures from a percutane- 
ous approach which are minimally invasive, such 
as dry needling or percutaneous needle electrol- 
ysis (PNE), makes it essential for physiothera- 
pists to broaden their knowledge of the relations 
that the muscles, tendons and ligaments have 
with regard to the vasculonervous paths and the 
various organs in each region. In other words, 
one must fully appreciate the topographic 
anatomy, in order to be able to ‘scrutinize’ from 
the skin’s surface the location of the deep struc- 
tures that need to be avoided during the praxis 
of invasive physiotherapy techniques, and, on 
the other hand, in order to assess properly the 
different soft tissues, thereby improving the 
application of these techniques. 

T hese premises determine the main objective 
of this chapter, which consists of presenting the 
most relevant anatomical relations for the clini- 
cal practice of minimally invasive physiotherapy, 
according to the common therapeutic approach 
in the anatomical regions of interest. 

The chapter is organized in order to address 
the large body regions, without an exhaustive 
description of all the subdivided areas (although 
these may be cited from time to time). Each 
section presents the main relations between the 
anatomical structures in the different planes of 
each region, the territories of vasculonervous 
conflict (which need to be considered in order to 
contemplate minimally invasive therapies in 
musculoskeletal medicine and physiotherapy), 
and the methods for approaching clinically rel- 
evant structures using puncture techniques. T his 
information must be considered in order to 
study the minimally invasive techniques and to 
access clinically relevant structures using punc- 
ture techniques. An exception is the shoulder, 
one of the most common regions from the point 
of view of these therapies. The connections 


between the numerous muscles that act on the 
articular complex of the shoulder are described, 
even though these represent the muscles that 
reach the area from regions pertaining to the 
trunk, the neck or the head. This singularity is 
taken into consideration within this evidently 
clear functional relation, and therefore is also 
reasonable from a therapeutic point of view. 
With regard to the veins and nerves that are 
found in the superf cial fascia, subcutaneous or 
epifascial tissues, only those that are highly rel- 
evant are mentioned. 

Regarding the landmarks cited pertaining to 
the position of the structures, the professional 
should be aware that these are merely a guide, 
and that all of them, naturally, are indicated in 
relation to the norm established by the anatomi- 
cal position. Thus, these cannot be considered 
exact patterns, as many correspond to the 
descriptions of cadaver dissections and this 
already implies differences and variations as 
regards the living individual, as interindividual 
differences are vast depending on individual con- 
stitution, age, height and distinctive anatomy. 
One mustn’t forget that, in human anatomy, 
variation is the norm. Thus, caution should be 
exercised when coming across expressions such 
as ‘two fnger widths’ or similar, and even with 
measurement references in centimetres. 

In all the descriptions, the most current ana- 
tomical terminology is used,'” as published by 
the Federative International Committee on Ana- 
tomical Terminology in 1998°* and reprinted in 
2011° by its successor, the Federative Interna- 
tional Program for Anatomical Terminology. 
Occasionally, in the text some terms appear that 
are not included in the Terminologia Anatomia, 
but that are indelibly incorporated into clinical 
jargon: these terms are shown in brackets the 
frst time they are cited in the text, e.g. calcaneus 
tendon (Achilles tendon). 


3.2 TOPOGRAPHICAL ANATOMY 
OF THE HEAD 


3.2.1 Regions 


T here are many regions that can be described in 
the head, but it is not practical for the purpose 
of minimally invasive therapies to enumerate 
them all, and their boundaries, in detail. N ever- 
theless, abundant descriptions are to be found in 
the bibliography on topographical anatomy.°’ 
T hese descriptions will focus on the main ana- 
tomical relations, in order to approach the 
muscles of mastication and the facial muscles 
(mimic muscles). 
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3.2.2 Anatomical relations 
of interest 


The facial musculature is epifascial and, there- 
fore, is found embedded within the subcutane- 
ous tissue of the head. T his characteristic means 
that the sensitive branches of the trigeminal 
nerve and the motor branches of the facial nerve 
are the nervous structures that can be acciden- 
tally encountered during muscular approaches. 
In the same way, profuse vascularization of the 
face makes it probable that a vessel will be 
reached, although the main ones can be avoided 
with adequate knowledge of their pathways 
(f gure 3.1). 

The muscles of mastication comprise the 
temporal, masseter, medial and lateral pterygoid 
muscles. The temporal muscle lies in the fossa 
of the same name, above the zygomatic arch, and 
is covered by the temporal fascia, which is very 





FIGURE3.1 = Left lateral view ofa dissection ofthe face 
and neck regions. Facial muscles (DAO, depressor 
anguli oris; OF, frontal belly of the occipitofrontalis 
muscle; OOc, orbicularis oculi; OOr, orbicularis oris; 
ZM, zygomaticus major), motor branches of the facial 
nerve (1), facial artery (5), submandibular gland 
(SMG), parotid gland (PG) and the masseter muscle; 
parotid duct (6). In the temporal region the temporal 
fascia and the temporal muscle (T) are observed; the 
frontal branch of the superficial temporal artery (2). 
Structures of the anterior triangle of the neck: sterno- 
cleidomastoid muscle (SCM), infrahyoid muscles (SH, 
sternohyoid; OH, omohyoid; ST, sternothyroid; TH, 
thyrohyoid), the external carotid artery (ECA) and the 
internal jugular vein (IJ V). In the posterior triangle of 
the neck, between the posterior border of the sterno- 
cleidomastoid (SCM), the clavicle (C) and the border 
of the trapezius (TZ), spinal nerve (3) and the supra- 
clavicular branches ofthe cervical plexus (4). (Courtesy 
of Drs. JR. Safiudo, T. Vazquez and E. Maranillo). 


strong (fgure 3.1). The superfcial temporal 
artery ascends vertically and anterior to the 
tragus and divides, 2 or 3 cm above the zygo- 
matic arch, into the parietal branch, which 
ascends in the same direction, and into the 
frontal branch, which is directed softly upwards 
and forwards. The masseter muscle extends 
between the angle of the mandible and the zygo- 
matic arch. It is partially covered in its posterior 
border by the parotid duct (duct of Stenon), 
which is directed horizontally towards the cheek 
to perforate the buccinator muscle and access the 
vestibule of the oral cavity (f gure 3.1). Also sur- 
facing from the parotid parenchyma, the zygo- 
matic and buccal branches of the facial nerve 
pass superf cially in a posteroanterior direction 
over the masseter (f gure 3.1). The pterygoid 
muscles are found in the infratemporal fossa 
(f gure 3.2), which is medial to the ramus of the 
mandible and inferior to the horizontal plane 
marked by the zygomatic arch. The maxillary 
artery passes deep to the ramus of the mandible 
and is directed anteriorly over the lateral aspect 
of the lateral pterygoid muscle (30-40% of the 
time it does so medially).*” As well as the maxil- 
lary artery, the inferior alveolar and lingual 
branches of the mandibular branch of the 
trigeminal nerve pass by the interstitium created 
by the two pterygoid muscles, in the direction of 
the mandible and lateral to the medial pterygoid 
muscle (f gure 3.2). 


3.2.3 Areas of vasculonervous 
conflict and anatomical landmarks 


T he maxillary artery and the lingual and inferior 
alveolar nerve pass through the infratemporal 
fossa, where the pterygoid muscles lie. The mas- 
seter muscle, located in the parotid region, 
relates to the parotid gland, the parotid duct and 
the facial nerve. In the temporal region, from 
where the temporal muscle is approached, the 
superfcial temporal artery and its branches, 
frontal and parietal, are the anatomical struc- 
tures that are related to the muscle. 

The main anatomical references concern the 
position of the parotid gland, the facial artery 
and vein, and the temporal artery and its two 
terminal branches.'*'' The superior border of 
the parotid gland corresponds with the posterior 
two-thirds of the inferior border of the zygo- 
matic arch. The posterior border is delimited 
by the anterior part of the external auditory 
foramen, the mastoid process and the anterior 
border of the sternocleidomastoid muscle, and 
the inferior border corresponds with an imagi- 
nary line that unites the vertex of the mastoid 
process with the root of the greater horn of the 
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* 


FIGURE 3.2 = Infratemporal region. Left lateral view of 
a dissection of the infratemporal region. The ramus of 
the mandible has been removed and the temporal 
muscle displaced upwards in order to access the 
fossa. In the infratemporal fossa, the lateral pterygoid 
muscle (LPT) and medial pterygoid muscle (MPT) are 
found; the lingual nerve (1), the inferior alveolar 
nerve (2) and the buccal nerve (3), which is headed 
towards the buccinator muscle (B), and the maxillary 
artery (4) are also observed. (Courtesy of Drs. JR. 
Safiudo, T. Vazquez and E. Maranillo). 


hyoid bone. The anterior border of the gland 
extends in a variable manner over the surface of 
the masseter. The parotid duct is found approxi- 
mately one fnger width below the inferior 
border of the zygomatic arch. The trajectory of 
the facial artery, together with the facial vein, can 
be indicated by a line which begins from the 
antegonial notch, just anterior of the angle of the 
mandible, in the anterior border of the masseter, 
to a point located 1 cm lateral to the oral com- 
missure. From there, the vessels head towards 
the nasogenian sulcus, passing through to the 
medial palpebral commissure. The superf cial 
temporal artery ascends in a vertical line that 
passes just in front of the tragus and divides, 2 
or 3 cm above, in the parietal branch, which 
continues in the same vertical direction, and in 


the frontal branch, which is directed obliquely 
anteriorly and slightly upwards. 


3.2.4 Approaches for structures and 
key sites used during puncture 
techniques 


Next, the approaches are described for punctur- 
ing the most relevant anatomical structures and/ 
or those that present the most diff culty during 
minimally invasive procedures of daily clinical 
practice. 
¢ Masseter muscle: 
° position: supine. 
¢ location: different points along the 
muscle. 
° procedure: puncture using a flat palpa- 
tion technique, insert the needle in a 
cranial direction, searching for the myo- 
fascial trigger point (MTrP) or the motor 
point. 
¢ Temporal muscle: 
° position: supine. 
¢ location: different points in the anterior, 
intermediate and posterior parts of the 
muscle. 
° procedure: puncture using a flat palpa- 
tion technique, insert the needle in a 
cranial direction, searching for the MTrP 
or the motor point. 
¢ Lateral pterygoid muscle: 
° position: supine. 
¢ location: usually the central part of the 
inferior division of the muscle. 
° procedure: puncture using a flat palpa- 
tion technique, insert the needle in a 
cranial direction, through the infratem- 
poral fossa, searching for the MTrP or 
the motor point. 


3.3, TOPOGRAPHICAL ANATOMY 
OF THE NECK 


3.3.1 Regions 


For increased simplicity, the following regions 
are described: anterior cervical (anterior triangle 
of the neck), sternocleidomastoid, lateral cervical 
(posterior triangle of the neck) and posterior cer- 
vical (nape).'° The anterior and lateral regions 
of the neck are subdivided into several more 
triangles.° 

The anterior cervical region or anterior 
triangle of the neck falls within the anterior 
midline of the neck, the anterior border of the 
sternocleidomastoid muscle and the base of the 
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mandible. The sternocleidomastoid region cor- 
responds on the surface with the prominence of 
the muscle itself, from the mastoid process to 
sternal and clavicular insertions. 

The lateral region of the neck falls between 
the posterior border of the sternocleidomastoid 
muscle, the anterior border of the trapezius 
muscle and the clavicle. 

The posterior cervical region includes the 
area delimited by the anterior border of both 
trapezius muscles, while the superior and infe- 
rior limits correspond with the limits of the neck. 
The external occipital protuberance, of which 
the most prominent point is the cephalometric 
union point, can be used as a reference for the 
superior boundary, and the spinous process of 
the prominent vertebra, C7, for the inferior 
boundary. 


3.3.2 Anatomical relations 
of interest 


It is vital to take into account that, in approaches 
to the trapezius or the scalene muscles in the 
neck, the apex of the pleural cavity and the lung 
is much closer, so it 1s easier to puncture these 
structures. 


Anterior region of the neck 


In the anterior cervical triangle the platysma 
muscle is found; this is subcutaneous, together 
with the hyoid muscles (except for the geniohy- 
oid and the inferior belly of the omohyoid), 
which are situated deep to the cervical fascia, 
and the prevertebral muscles, which are also 
placed deep in relation to the visceral tract of 
the neck. Epifascially, the anterior jugular vein 
is found parallel to the anterior border of the 
sternocleidomastoid, and deep to the muscles, to 
the thyroid gland distally, and to the visceral 
tract of the neck, which, along its course, 
covers the prevertebral muscles. Additionally, 
next to the anterior border of the sternocleido- 
mastoid muscle, and above the horizontal plane 
(marked by the superior border of the thyroid 
cartilage), the carotid artery is found with its two 
terminal branches, external and internal, as well 
as the internal jugular vein, the vagus nerve and 
the superfcial branch of the ansa cervicalis 
(f gure 3.1). 


Sternocleidomastoid region 


Running through this region epifascially is the 
external jugular vein. On a deep plane, next to 
the insertion on the clavicle, the clavicular belly 


of the sternocleidomastoid muscle partially 
covers the jugular venous arch. On a more 
superf cial level, the muscle covers the carotid 
sheath with the common carotid artery, the 
internal jugular vein and the vagus nerve 
(f gure 3.3C). More cranially, and from anterior 
to posterior, the scalene muscles are found 
together with the levator scapulae muscle. The 
phrenic nerve passes in front of the anterior 
scalene muscle while, between the anterior and 
middle scalene, the anterior branches of the cer- 
vical nerves C2—C4 emerge. Over the levator 
scapulae the lesser occipital nerve descends 
anterior and inferiorly (and later becomes super- 
fcial to the sternocleidomastoid) and, posteri- 
orly and more cranially, the accessory nerve 1s 
found (approximately 4 cm distal to the mastoid 
process). 


Lateral region of the neck 


In the posterior cervical triangle there 1s conti- 
nuity with the anatomical structures described 
in the sternocleidomastoid region. Between the 
anterior and middle scalene, over the frst rib, 
the subclavian artery passes and, above this, the 
three trunks of the brachial plexus. Dorsal to 
the group formed by the scalenes, the levator 
scapulae muscle is found with the accessory 
nerve descending over it and, as a more poste- 
rior muscle, the splenius capitis. Inferiorly, the 
region is crossed by the posterior belly of the 
omohyoid muscle, with an anteroposterior 
direction that is almost horizontal. Lateral to it, 
the brachial plexus produces the supraclavicular 
branches and crosses the transverse cervical 
artery (f gure 3.2). 


Posterior region of the neck 


T his region is comprised of the posterior terri- 
tory of the neck or the nape region. Deep to the 
descending part of the trapezius muscle, the 
muscles of the back proper corresponding to 
the neck and the head are found. In the frst 
place, these are the splenius of the neck and the 
head, followed by the longissimus of the head 
and the semispinalis of the neck and the head 
(f gure 3.4) and, on a deeper plane, the group 
formed by the suboccipital muscles: rectus capitis 
posterior minor, rectus capitis posterior major, 
obliquus capitis superior and obliquus capitis 
inferior (f gure 3.5). The deep cervical artery and 
vein ascend along the deep aspect of the semi- 
spinalis of the head, which is perforated by the 
greater occipital nerve very close to the superior 
nuchal line. In the depths of the region, the 
obliquus capitis inferior and superior of the head 
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FIGURE3.4 = View ofa dissection of the posterior neck 
region. The planes of the trapezius and splenius 
muscles are dissected and have been laterally dis- 
placed, therefore both semispinalis capitis muscles 
(SPC) can be seen. The vasculonervous structures 
are the occipital artery (1), the greater occipital nerve 
(2) and the third occipital nerve (3), for which, on the 
right side, its communications with other posterior 
branches are conserved. (Courtesy of Drs. JR. Safiudo, 
F. Valderrama, T. Vazquez and E. Maranillo). 


eo? 





FIGURE3.5 =» View ofthe same dissection as figure 3.4, 
in which the left semispinalis capitis (SPC) is displaced 
laterally; the SPC on the right side remains in place, 
in order to allow a view of the suboccipital muscles 
rectus capitis posterior minor (4) and rectus capitis 
posterior major (5). The SPC (6) is also identified. The 
position of the spinous process of the atlas (Cl) and 
of the axis (C2) is also identifiable. The vasculonerv- 
ous structures are the occipital artery (1), the greater 
occipital nerve (2) and the third occipital nerve (3). 
(Courtesy of Drs. JR. Sanudo, F. Valderrama, T. Vazquez 
and E. Maranillo). 


and the rectus capitis posterior major muscles 
delimit the suboccipital triangle, in which the 
vertebral artery is found. The greater occipital 
nerve passes, from inferior, superf cially over 
the obliquus capitis inferior, approximately one 


fnger width from the vertex of the transverse 
process of the axis. 


3.3.3 Areas of vasculonervous 
conflict and anatomical landmarks 


T he four regions described in the neck, being an 
area of passage between the head and the trunk 
and the upper limb, can be considered as areas 
of vasculonervous conflict. In the anterior trian- 
gle of the neck, there are structures such as the 
thyroid gland, the common carotid artery, the 
external carotid artery, the superior thyroid 
artery, the internal jugular vein and the vagus 
nerve. In the sternocleidomastoid region, the 
common carotid artery is included, together 
with the external carotid artery, the internal 
carotid artery, the vagus nerve, the phrenic 
nerve, the anterior rami of the C2—-C4 nerves, 
the superior trunk of the brachial plexus, the 
lesser occipital nerve, the great auricular nerve 
and the transverse cervical nerve. In the poste- 
rior triangle of the neck, the external jugular 
vein, the transverse cervical vein, the subclavian 
artery, the transverse cervical artery, the superior 
trunk of the brachial plexus, the supraclavicular 
branches of the brachial plexus, the accessory 
nerve and the supraclavicular nerves are found. 
In the posterior region of the neck, the suboc- 
cipital muscles delimit the suboccipital triangle, 
within which we can fnd the vertebral artery, 
whereas the greater occipital nerve goes around 
the inferior oblique muscle, crossing the triangle 
from below upwards. 

Several basic landmarks are described in order 
to position diverse structures in the neck.'' The 
position of the common carotid artery is indi- 
cated by the anterior border of the sternocleido- 
mastoid muscle (f gure 3.3C). From the clavicle 
up to the superior border of the thyroid cartilage 
is a line which overlaps with the common carotid 
artery and, from this point, with the external 
carotid artery, which falls slightly anterior to the 
border of the muscle. The internal jugular vein 
is slightly lateral to the common carotid artery. 
Within the carotid sheath, and common to both 
vessels, the vagus nerve can be found, lateral to 
them in the pathway of the common carotid and 
medially from the carotid division towards 
cranial. The subclavian artery can be traced from 
the surface by a curved line, convex upwards, 
which extends from the sternoclavicular joint to 
the middle point of the clavicle, with the highest 
point of the convexity 1-3 cm above the clavicle. 
The external jugular vein is revealed by a line 
traced from the angle of the mandible to the 
middle point of the clavicle. The facial nerve, at 
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its exit from the stylomastoid foramen, is found 
approximately 2.5 cm deep from the middle 
point of the anterior border of the mastoid 
process. 

In order to def ne the course of the accessory 
nerve, a line is traced from the angle of the man- 
dible to the middle point of the anterior border 
of the sternocleidomastoid muscle (approxi- 
mately 3-5 cm from the vertex of the mastoid 
process). The projection of the line to the ante- 
rior border of the trapezius muscle, crossing the 
posterior triangle of the neck, indicates the 
course of the accessory nerve in this triangle. 
The cutaneous branches of the cervical plexus 
are grouped together around the emergence 
of the accessory nerve and can be identifed 
as follows: the lesser occipital nerve comes 
out above the accessory nerve and continues 
upwards to the posterior border of the sterno- 
cleidomastoid muscle towards the mastoid 
process. The great auricular nerve and the trans- 
verse cervical nerve emerge immediately below 
the accessory nerve, with the great auricular 
nerve heading towards the angle of the mandi- 
ble, whereas the transverse cervical nerve crosses 
the belly of the sternocleidomastoid horizon- 
tally. The supraclavicular nerves emerge caudally 
from these last two and heads in the direction of 
the clavicle. The superior border of the brachial 
plexus can be delimited by a line traced from the 
middle point of the inferior border of the arch 
of cricoid cartilage to the centre point of the 
clavicle. 

For the approaches within the suboccipital 
region, the landmark described for the puncture 
and extraction of cerebrospinal fluid from the 
posterior cerebellomedullary cistern can be 
used. In this technique, the needle is inserted 
into the middle point between the external 
occipital protuberance and the spinous process 
of the axis, and directed towards the nasion 
cephalometric point, passing in between the 
rectus capitis posterior minor muscles. When 
approaching the cistern, the needle must never 
exceed a depth of 4-5 cm, with the muscle plane 
found at 2-3 cm depth. On the other hand, the 
rectus capitis posterior major muscle originates 
in the spinous process of the axis, and, external 
to the rectus capitis posterior minor muscle, it 
also follows the inferior nuchal line, one fnger 
width above the line that unites the spinous 
process of the axis with the transverse process of 
the atlas. The obliquus capitis inferior muscle 
extends between the spinous processes of the axis 
and the transverse process of the atlas, whereas 
the obliquus capitis superior muscle originates 
from the transverse process of the axis and is 
headed towards the cranium, vertically and 


external to the rectus capitis posterior major 
muscle. 


3.3.4 Approaches for structures and 
key sites used during puncture 
techniques 


We shall continue with a description of the 
puncture approaches of the most relevant ana- 
tomical structures and those that present the 
most diffculty during the minimally invasive 
procedures of daily clinical practice. 

¢ Scalene muscles: 

° position: supine. 

° location: different points. 

° procedure: puncture using a flat palpa- 
tion technique, inserting the needle per- 
pendicular to the muscle, searching for 
MTrP or the motor point. 

¢ Sternocleidomastoid muscle: 

° position: supine. 

¢ location: different points along the 
muscle. 

° procedure: puncture using a pincer grip 
palpation technique, inserting the needle 
from lateral to medial in the direction of 
the MTrP or the motor point (f gure 
aot): 

¢ Obliquus capitis inferior muscle: 

° position: prone. 

° location: central part of the muscle. 

° procedure: using the reference of the 
projection of the transverse process of 
C1 and the spinous process of C2, punc- 
ture using a flat palpation technique, 
inserting the needle in a medial, poste- 
rior and caudal direction, searching for a 
hard end-feel (bone) with the tip of the 
needle (f gure 3.6A and Al). 


3.4 TOPOGRAPHICAL ANATOMY OF 
THE TRUNK 


3.4.1 Regions 


This section describes the constitution and the 
main anatomical relations of the abdominal wall 
and the vertebral region, which covers the cuta- 
neous area that lies within the transverse proc- 
esses, in a horizontal direction, and from the 
level of the lumbosacral joint to the beginning 
of the neck, or until it meets the posterior cervi- 
cal region, vertically.°’ Because of their clinical 
relevance (f gures 3.7 and 3.8 and table 3.1), the 
acupuncture points and the most important 
MTrPs are shown in relation to possible zones 
of conflict. 
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FIGURE 3.7 =» The most important acupuncture and myofascial trigger points and their relation to possible risk 


zones on the anterior trunk wall. 


3.4.2 Anatomical relations of interest 
Anterior wall 


The main relations of the muscles found in the 
anterior wall of the thorax (f gure 3.3A), pecto- 
ralis major and minor and serratus anterior, are 
described in the section on the upper limb. The 
anterior abdominal wall contains the rectus 
abdominis, external oblique, internal oblique 
and transversus abdominis muscles (f gure 3.3D). 
T his is a group of thin muscles, deeply lined by 
the transversalis fascia (or fascia of the transver- 
sus abdominis), which separates them from the 
preperitoneal fat layer and, at the same time, 


from the parietal peritoneum and the intraperi- 
toneal viscera. Between the transversus abdominis 
and the internal oblique muscles, the subcostal, 
iliohypogastric and ilioinguinal nerves pass, fol- 
lowing a path from posterior to anterior above 
the iliac crest.”'* The inguinal canal is found 
above the inguinal ligament, which contains the 
spermatic cord in males and the round ligament 
of the uterus in females. In relation to the rectus 
abdominis are the anterior epigastric artery and 
the superior epigastric artery, with its satellite 
veins, along all the craniocaudal length of the 
muscle. These arteries are found deep between 
the muscle and the transverse fascia caudally 
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FIGURE 3.8 =» The most important acupuncture and myofascial trigger points and their relation to possible risk 


zones on the posterior trunk wall. 


to the arcuate line and between the muscle and 
the rectus sheath cranial to the arcuate line. Epi- 
fascially, the superfcial epigastric vein passes 
close to the semilunar line. 


Posterior wall 


The serratus posterior muscles are found to be 
superf cial to the posterior lamina, or superf cial 
lamina, of the thoracolumbar fascia (f gure 
3.6B1). In other words, they are superf cial to the 
dorsal muscles (a group formed by the erector 
spinae, among others). The serratus posterior 
superior is deep in relation to the trapezius and 


the rhomboids and the serratus posterior inferior 
is deep in relation to the lattisimus dorsi. The 
quadratus lumborum muscle is the dorsal muscle 
of the flat muscles of the abdomen and, as such, 
it is related to the obliques and transversus 
abdominis due to its origin and functions. The 
relations of the quadratus lumborum are many 
and highly relevant (table 3.1), as they form a 
bed upon which the kidneys lie, and from which 
the kidneys are separated by the fascia of the 
quadratus lumborum (or anterior lamina, or 
deep lamina, of the thoracolumbar fascia), the 
pararenal fat, the renal fascia, the adipose capsule 
and the fbrous capsule (f gure 3.6B and B1). 
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TABLE 3.1 Relevant anatomy for needle insertion and location of acupuncture points 
and myofascial trigger points (MTrPs) 


Anatomical viscera/ Risk 
structure 


Thoracic viscera 


Heart Cardiac 
tamponade 
Lung Pneum othorax 


Abdominal viscera 


Minimal risk of 
intestinal 
perforation 

Minimal risk of 
damage tissue 


Anterior area 


Kidney 


Peripheral nerves 
Suprascapular Nerve injury 
Median 
Ulnar 
Radial 
Posterior 

interosseous 


Deep fibular nerve 
Tibial nerve 


Central nervous system 


Spinal cord and 
spinal nerve roots 


Nerve injury 


Medulla oblongata Brainstem 
injuries 

Blood vessels 

Radial vessels 

Popliteal vessels Pseudoaneurysm 


Dorsalis pedis artery 


Recommended 
puncture depth to 
reach viscera/structure 
(length) 


10-20 mm 


Supraclavicular 
(10-25 mm) 


Midclavicular line 
(10-20 mm) 


Medial scapular line 
(15-20 mm) 


Posterior wall of the 
trunk 
(10-25 mm) 


20-40 mm 


25-60 mm 


40 mm 
10-15 mm 
OFS mimi 
O25 mi mi 
10-20 mm 


20-30 mm 
20-30 mm 
25—45 mm 


40-60mm 


0:3 mim 
20-30 mm 
10-13 mm 





High-risk points 


REN17 


GB21 

DDN MTrPs in superior trapezius 
and anterior scalene 

ST11-ST18 

ILO. 

KID22—KID27 

BL41-BL54 

DDN MTrPs in rhomboids, 
serratus posterior superior and 
levator scapulae 

DDN MTrPs in illiocostalis 
thoracis, longissimus thoracis, 
semispinalis thoracis, cervicus 
and capitus 


Mainly any ST, SP, KID, REN 
points on the front of the body 


DDN MTrPs in quadratus 
lumborum and psoas major 


LI16 

P5-P7 

HE4—HE7 

EUS 2US 

TBS, TB6 

DDN MTrPs in supinator and 
common wrist extensors 

GB34, BL39, BL40 

KID6, KID6 


BL1 1—-BL20 


DU16 


IOs, JEU) 
BLAO 
ST42 


REN, Ren Mai meridian; HE, heart meridian; LU; lung meridian; ST, stomach meridian; KID, kidney meridian; 
BL, bladder meridian; P, pericardium meridian; SP, spleen meridian; LI, large intestine meridian; GB, gall bladder 
meridian; TB, triple burner meridian; DU, Du Mai meridian; DDN MTrPs, deep dry needling of myofascial trigger 


points. 
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Additionally, the subcostal, iliohypogastric and 
ilioinguinal nerves cross the kidneys obliquely 
from a medial and cranial aspect in a lateral and 
caudal direction (f gure 3.6B). 


Vertebral region 


T he vertebral region contains the muscles of the 
back proper, which extend paravertebrally from 
the sacrum to the base of the cranium in a suc- 
cession of lumbar, thoracic, cervical and cranial 
segments. The erector spinae is the most super- 
f cial of the muscles of the back proper, although 
it 1s covered by the lattisimus dorsi muscle and 
the serratus posterior inferior muscle caudally, 
and the trapezius, rhomboids and serratus pos- 
terior superior muscles cranially. It is formed by 
the three parallel tracts that, from medial to 
lateral, are the spinalis, the longissimus and the 
iliocostalis. The thoracic segment from the spi- 
nalis is the only one that has an appreciable 
development and extends between the spinous 
processes of T2 to L3. The thoracic component 
of the longissimus (which also has segments in 
the neck and the head) extends from the sacrum 
to the frst rib, whereas the lumbar and thoracic 
iliocostalis (also with segments in the neck and 
the head) reaches the frst rib over the angles of 
the ribs, where it inserts, and this constitutes a 
good landmark for its approach. Deep to the 
erector spinae is the transversospinalis muscle 
group, with muscular fascicles between the 
transverse and spinous processes, including the 
so-called multif dus and rotator muscles. It is 
important to consider the anatomical relation of 
all the musculature in this region with the lungs 
and its pleural cavity (the virtual space between 
the visceral and parietal pleura) (f gure 3.9). 
The pleura is a delicate serous membrane 
that folds back on to itself to form a double- 
layered membranous structure, wrapping each 
lung in the form of a closed invaginated sac. The 
potential space between both layers is known as 
the pleural cavity (f gures 3.3B and 3.9). The 
sheath of pleura that adheres to the surface of 
the lungs and dips into the f ssures between their 
lobes is known as the visceral pleura. The part- 
etal pleura, on the other hand, lines the inner 
surface of the chest wall and the diaphragm, and 
is reflected over the pulmonary hilum as visceral 
pleura. The parietal pleura goes by different 
names as it covers diverse territories: the costal 
pleura, which lines the inner surface of the ribs 
and intercostal muscles (video 3.1; f gure 3.10A 


Qe] and D); the diaphragmatic pleura, lining the 


convex surface of the diaphragm; the mediastinal 
pleura, which borders the mediastinum; and the 
cervical pleura (cupula of the pleura) which rises 


into the neck, to coat the apex of the lungs 
(f gure 3.9C). On the surface of the body, the 
boundaries of the pleural sac can be marked out 
as lines, which indicate the limits of the parietal 
pleura and are referred to as the lines of pleural 
reflection (f gure 3.6B and 3.9). 

The dome of the pleura (cervical pleura) can 
be marked out on the surface by a curved line 
drawn from the sternoclavicular joint to the 
junction of the medial and middle thirds of the 
clavicle; the apex of the pleura is found about 
2.5 cm (1 inch) above the level of the upper 
surface of the clavicle. This structure is impor- 
tant, as the pleura can be injured (with conse- 
quent pneumothorax) above the clavicle when 
needling the descending fbres of the superior 
trapezius muscle (f gure 3.10A), the anterior 
scalene muscle (f gure 3.7) or the gall bladder 
21 (GB21) acupuncture point (f gure 3.8 and 
table 3.1). 

On each side, the lines of pleural reflection 
pass from behind the sternoclavicular joint. On 
the right side, the anterior border of the pleura 
descends, almost reaching the midline behind 
the sternal angle, and continues downward until 
it reaches the xiphisternal joint. On the left side, 
the pleura has a similar course, but at the level 
of the fourth costal cartilage it deviates and 
extends to the lateral margin of the sternum to 
form the cardiac notch (f gure 3.9A). This is 
important because in 5-8% of individuals con- 
genital foramina exist due to incomplete ossif ca- 
tion and fusion of the sternal plate,'’ '° which 
most commonly occurs at the level of the fourth 
intercostal plate (f gure 3.10C). For this reason 
cardiac tamponade due to injury of the heart 
or pericardium could occur when needling the 
Ren Mai 17 (REN 17) acupuncture point (f gure 
3.7). Needling should be performed superf cially 
(table 3.1) and obliquely over the sternum." 

T he lower margins of the pleura on both sides 
follow a curved line, which crosses the eighth, 
10th and 12th ribs at the midclavicular lines, the 
midaxillary lines and the sides of the vertebral 
column; that is, at the lateral border of the 


erector spinae muscle (video 3.2). The lower 


margins of the lungs cross, at the same point, the 
sixth, eighth and 10th ribs, at the midclavicular 
lines, the midaxillary lines and the sides of the 
vertebral column, respectively. The distance 
between the two borders corresponds to the cos- 
todiaphragmatic recess (f gure 3.9). 

The importance of knowing the surface pro- 
jections of the lungs and pleura is strongly 
emphasized (box 3.1), as needling techniques 
that involve the cervical, thoracic and lumbar 
regions can be associated with potential risk of 
pneumothorax. 
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Anterior margin of 
superior trapezius 


Dome of pleura 


FIGURE 3.10 = (A) Surface projections of the lungs and the pleura on to the lateral thoracic wall. (B) Sagittal cross- 
section of the superior trapezius muscle. Clinical points: Caution due to the proximity of the dome of the pleura 
and risk of pneumothorax. (C) Congenital sternal foramen. (D) Ultrasound imaging of the muscles of the thoracic 


cage. Caution due to the proximity of the pleura. 





1 inch (2.5 cm) above the level of the upper surface 
of the clavicle. 

Eighth rib anteriorly at the midclavicular line. 

On the left side, at fourth costal cartilage to the 
lateral margin of the sternum. 

Tenth rib laterally at the midaxillary line. 

Twelfth rib posteriorly. 


The regions associated with possible pneu- 
mothorax following needle techniques are sub- 
clavicular, paraspinal and medial scapular. 


3.4.3 Areas of vasculonervous 
conflict and anatomical landmarks 


Anterior wall 


There is an approximate rule for locating the 
inferior epigastric vessels which traces a curved 


line, laterally concave, from the middle point of 
the inguinal ligament to the umbilicus, although 
publications related to the lesion of the epigas- 
tric vessels in abdominal laparoscopies indicate 
that this rule is not altogether reliable.'’ The 
superf cial epigastric artery is located above the 
inguinal ligament and is directed from medial to 
lateral. The superf cial epigastric vein lies close 
to the semilunar line, lying on the inner aspect 
of the line in its pathway to the umbilicus, and 
close to it, but on the external side, from the 
umbilicus upwards. 


Posterior wall 


The serratus posterior superior muscle extends 
from the spinal processes of C6 to T2 until the 
angles of the second to the ffth ribs, therefore, 
it is oblique laterally and upwards, and the dorsal 
scapular nerve passes superf cially and slightly 
lateral to the transverse processes. The serratus 
posterior inferior muscle extends from the 
spinous processes of T11 to L2 to the last four 
ribs; therefore it is oblique laterally and upwards. 
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The quadratus lumborum muscle extends 
between the 12th rib, the iliac crest and the 
costal processes of the lumbar vertebrae. 


Vertebral region 


T he spinalis muscle is located immediately above 
the lateral surface of the spinous processes of 
the thoracic vertebrae; the iliocostalis muscle 
passes over the costal angles and, between 
these and the spinalis, the longissimus can be 
found. 


3.4.4 Approaches for structures and 
key sites used during puncture 
techniques 


We will continue with a description of the punc- 
ture approaches of the most relevant anatomical 
structures and those that present the most dif- 
f culty during the minimally invasive procedures 
of daily clinical practice. 

¢ Quadratus lumborum muscle: 

° position: contralateral decubitus. 

¢ location: multiple points in the muscle 
from the 12th rib to the iliac crest. 

° procedure: puncture using a flat palpa- 
tion technique, inserting the needle par- 
allel to the plane of the back (or in a 
slightly oblique direction), anterior to 
the paravertebral muscles (f gure 3.6B 
and B1). 

¢ Pubic symphysis: 

° position: supine. 

¢ location: fbrocartilage and expansions 
from the insertions of the rectus 
abdominis muscle. 

° procedure: puncture using a flat palpa- 
tion technique, inserting the needle per- 
pendicular to the symphysis, searching 
for the area of fbrotic tissue. 

¢ Intercostal muscles: 

° position: supine or side-lying position. 

¢ location: multiple points in the different 
rib interspaces. 

° procedure: puncture with the guide 

hand placed on the patient’ chest, 
placing a fnger on the rib on each side 
of the MTrP and inserting the needle 
angled no more than 45° from the skin 
surface. 
An ultrasound-guided puncture is rec- 
ommended, whereby the needle is 
inserted into the middle of the muscle, 
avoiding the inferior border of the rib 
where the vasculonervous bundle is 
located (f gure 3.3B). 


3.5 TOPOGRAPHICAL ANATOMY OF 
THE UPPER UMB 


3.5.1 Regions 


The upper limb is formed of six large regions: 
shoulder, arm, elbow, forearm, wrist and hand.’ 


Shoulder 


Cranially, the shoulder is limited by the clavicle 
and the superior border of the scapula, and 
inferiorly by a plane that is at a tangent to 
the inferior border of the pectoralis major 
and, anteromedially, the mammary region. For 
description purposes, the shoulder is subdivided 
into the deltoid, axillar and scapular regions. 
¢ The deltoid region corresponds with the 
prominence of the deltoid muscle. 
¢ The axillary region can be described as a 
pyramid of four sides with a truncated 
vertex. T he base, on an inferior plane, cor- 
responds with the common defnition of 
axilla and is made up of the cutaneous 
lining and the axillary fascia and extends 
between the proximal and medial part of 
the arm and the lateral surface of the thorax. 
The anterior wall includes the subclavius 
muscle, part of the pectoralis major and 
minor muscles, and the clavipectoral fascia. 
The medial wall contains part of the ser- 
ratus anterior muscle, which is included 
both in the wall of the axilla as well as in 
the thoracic wall. The posterior wall is also 
formed by the subscapularis muscle, teres 
major and lattisimus dorsi. The def nition 
of the lateral wall of the axilla varies depend- 
ing on the descriptions provided by differ- 
ent authors. Some describe this as being 
located within the intertubercular sulcus 
(bicipital groove of humerus) and others 
describe it as formed by the muscles of the 
arm. In any case, what is relevant is that 
the axilla communicates with the arm 
through the lateral aspect, and it is here 
that the vasculonervous elements between 
the shoulder and the arm pass through. 
¢ The scapular region corresponds to the ter- 
ritory situated dorsal to the scapula and the 
posterior aspect of the axilla. 


Arm 


The arm extends between the shoulder and the 
elbow, from a circular imaginary line inferior to 
the tendons of pectoralis major and the latti- 
simus dorsi until two fnger widths above the 
cubital fossa or, in other words, above the elbow 
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pit. It includes the anterior brachial region and 
the posterior brachial region, or the anterior and 
posterior regions of the arm. 


Elbow 


This is the segment that lies between the arm 
and the forearm, from which it is separated by a 
virtual circular line that passes two fnger widths 
below the elbow pit. It is comprised of the ante- 
rior elbow region, or anterior cubital region or 
cubital fossa, and the posterior cubital region or 
posterior elbow region. 


Forearm 


T he forearm spans from its proximal limit, in the 
elbow, to a circular line, distally, that passes over 
the head of the ulna, which separates it from the 
wrist. 


Wrist 


In the wrist, which extends distally until the 
virtual limit marked by a circular line that passes 
over the scaphoid tubercle and the distal limit 
marked by the pisiform bone, there are anterior 
and posterior carpal regions, where the carpal 
tunnel and ulnar canal (Guyon’s canal) are found 
ventrally, and the six carpal tendinous sheaths of 
the extensor muscles, dorsally. 


Hand 


In the hand we can distinguish a palmar, or volar, 
surface and a dorsal surface. In the palmar region 
we can distinguish, apart from the palmar con- 
cavity, the thenar and hypothenar eminences, 
which correspond to the intrinsic musculature of 
the thumb and the little fnger, respectively. 


3.5.2 Anatomical relations 
of interest 


Shoulder 


The common pathway of the axillary nerve and 
the posterior humeral circumflex artery, which 
winds around the surgical neck of the humerus 
in a lateral direction and from posterior towards 
anterior, is related to the spinal and acromial 
parts of the deltoid. The clavicular part of the 
deltoid relates to the pathway of the anterior 
humeral circumflex artery which, on a deeper 
level to the deltoid, passes from medial to lateral 
over the surgical neck of the humerus and crosses 
superf cially the intertubercular groove in order 
to ascend towards the joint capsule parallel to 


the crest of the greater tubercle. The rotator 
interval is a triangular space between the tendons 
of the subscapularis and supraspinatus muscles 
and the base of the coracoid process and covered 
by the coracohumeral ligament, containing the 
tendon of the long head of the biceps brachii 
muscle and the superior glenohumeral liga- 
ment,'**° and that has no vasculonervous rela- 
tions of interest. 

The clavipectoral fascia, through which the 
thoracoacromial artery crosses, spans between 
the subclavius muscle and the superior border of 
the pectoralis minor muscle. Also, the medial and 
lateral pectoral nerves pierce the clavipectoral 
fascia, distributing their terminal branches in the 
plane between the pectoralis major and minor 
muscles. Behind the clavipectoral fascia, the pec- 
toralis minor in the acromial insertion and the 
subclavius muscle, the axilla is found with the 
axillary vein, the axillary artery and, deeper still, 
the infraclavicular part of the brachial plexus. 
Between the pectoralis major and deltoid muscles, 
the deltopectoral triangle is found which, super- 
f cially, corresponds with the infraclavicular fossa 
(Mohrenheim fossa). T his contains the proximal 
segment of the cephalic vein before becoming 
perforating and accessing into the axilla, where 
it empties into the axillary vein. A large portion 
of the pectoralis major and minor muscles are 
found in the pectoral region, which is thoracic, 
and therefore, separated from the pleural cavity 
and the lung by one to two fnger widths. 

The intercostal vasculonervous bundle is 
located in the costal groove, found in the inferior 
border of each rib (f gure 3.3B). The serratus 
anterior muscle is involved both in the wall of 
the axilla and that of the thorax, and extends, 
also, towards the scapular and lateral pectoral 
regions, partially covering the frst to ninth ribs, 
or the 10th, and the corresponding intercostal 
spaces, with the long thoracic nerve, and the 
lateral thoracic artery (external mammary artery) 
descending superfcial to it (fgure 3.11). The 
subscapularis muscle forms the largest part of the 
posterior wall of the axilla and therefore relates 
to the fascicles of the brachial plexus, the axillary 
vein and artery, the thoracodorsal nerve and the 
long thoracic nerve. The teres minor and teres 
major muscles relate to the circumflex scapular 
artery in the upper triangular space (medial tri- 
angular space, medial axillary space or foramen 
omotricipitale) and the axillary nerve and the 
posterior humeral circumflex artery in the quad- 
rangular space (quadrilateral space [of Velpeau] 
or foramen humerotricipital) (f gure 3.12). The 
lattisimus dorsi muscle relates to the thoracic 
wall, the corresponding intercostal spaces and 
the thoracodorsal nerve. 
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FIGURE 3.11 = Panoramic view displaying a dissection of the ventral aspect of the left shoulder. The axillary artery 
and the terminal branches of the brachial plexus head towards the arm. The cadaver presented an axillary arch 
(*), an anatomical variation which is found in 5—7% of the population, and which consists of a muscle fascicle 
which, passing in front of the plexus and the artery, extends between the latissimus dorsi and, in this case, the 
coracobrachialis muscle (it can also be found within the pectoralis major muscle or the fascia of the biceps 
brachii). Orientation: c, cranial; 1, lateral. (Courtesy of Drs. JR. Safitudo, F. Valderrama, T. Vazquez and E. Maranillo). 





FIGURE 3.12 = Panoramic view of dissection of the posterior aspect of the left shoulder. The following muscles 
can be identified: deltoid (D), teres minor (Tm), infraspinatus (ISP), trapezius (Tz), long head of triceps brachii 
(TBLH), teres major (TM) and latissimus dorsi (LD). The axillary nerve and posterior humeral circumflex artery 
can be observed (1) as they pass by the quadrangular space, whereas the circumflex scapular artery (2) crosses 
the triangular space. Orientation: c, cranial; m, medial. (Courtesy of Drs. JR. Safudo, F. Valderrama, T. Vazquez and 


E. Maranillo). 


The trapezius muscle is comprised of three 
parts: the descending, transverse and ascending 
parts (superior [upper], intermediate [middle] 
and inferior [lower] parts). In the case of the 
descending part, a large portion of its course lies 
within the posterior neck region, crossing the 
suprascapular region, and reaching the clavicle, 
passing by the lateral neck region. The trans- 
verse part extends from the vertebral region, 
crosses the interscapular and scapular region and 
reaches the acromion in the deltoid region. The 
ascending part also begins in the vertebral region 
and crosses the interscapular region, reaching 
the spine of the scapula within the scapular 


region. The accessory nerve runs its course on 
the deep aspect of the trapezius, in the descend- 
ing part after having crossed, from upwards to 
downwards and from front to behind, the levator 
scapulae muscle in order to continue descending 
vertically until it reaches the interior border of 
the ascending part. The levator scapulae muscle 
also relates to the accessory nerve and, on the 
deeper aspect, with the dorsal scapular nerve. 
The rhomboid minor and major muscles are 
related in their superf cial aspect to the accessory 
nerve and, on the deeper aspect, with the dorsal 
scapular nerve. The dorsal scapular artery runs 
parallel to the medial border of the scapula. The 
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FIGURE 3.13 = Medial view ofa dissection of the left arm. The following muscles can be observed: biceps brachii 
(BB), coracobrachialis (CB), triceps brachii (TB) and, from the medial epicondyle ofthe elbow towards the forearm, 
the medial epicondyle muscles (MEM). The vasculonervous elements are the axillary artery (1), the brachial artery 
and the median nerve (2), the cephalic vein (3), a brachioulnar artery (4) (an anatomical variation consisting of 
the presence ofan ulnar artery from the arm) and the ulnar nerve (5) (at the point where it passes by the cubital 
canal posterior to the medial epicondyle) and the basilar vein (6). Orientation: p, proximal; d, distal. (Courtesy of 


Drs. JR. Safiudo, T. Vazquez and E. Maranillo). 


supraspinatus muscle is found in the supraspina- 
tus fossa of the scapula, in the depths of the 
descending and middle parts of the trapezius, 
relating to the suprascapular nerve and artery 
which pass through the depth of the supraspina- 
tus fossa, laterally, from the scapular notch until 
entering the infraspinatus fossa, in relation to the 
scapular neck. 

In the supraspinous fossa the existence of 
foramina has been described.*'** T his is an ana- 
tomical variation of relevance for needling tech- 
niques, as there is a risk of pneumothorax when 
puncturing the supraspinatus muscle. T he infra- 
spinatus muscle occupies the infraspinatus fossa 
and relates to the suprascapular nerve and artery 
that come from the supraspinatus fossa. In the 
infraspinous fossa congenital foramina of the 
scapula have also been described, measuring up 
to 2-5 mm in diameter in 0.8—5.4% of individu- 
als.°'! This is important as case studies have been 
reported describing iatrogenic pneumothorax 
resulting from needling the small intestine 11 
(SI11) acupuncture point (f gure 3.8). 

There are areas in the upper quarter and tho- 
racic cage in which congenital anomalies have 
been described that are of relevance for needling 
techniques (the foramina in the infraspinous 
fossa, the foramina in the supraspinous fossa and 
incomplete ossif cation and fusion of the sternal 
plate). 


Arm 


The coracobrachialis, biceps brachii, brachialis 
and triceps brachii are muscles that all belong to 
the arm, although the proximal portion of the 


long head of the biceps brachii and the coraco- 
brachialis muscle belong to the axilla, and the 
distal portions of the biceps brachii and the bra- 
chialis reach the elbow region. In almost 90% of 
cases, the coracobrachialis muscle is pierced by 
the musculocutaneous nerve, which reaches it 
from a proximal and medial direction.” In the 
inner aspect of the arm, within the anterior com- 
partment, over the medial intermuscular septum, 
the brachial canal can be found, containing the 
median nerve, the ulnar nerve and the brachial 
artery as main elements (f gure 3.13). Further 
distal, the ulnar nerve leaves the canal and is 
found in the posterior compartment of the arm. 
In 8-18% of individuals,*** the biceps brachii 
muscle can have accessory bellies. In posterior 
approaches of the arm, over the triceps brachii, 
it is important to consider the helical path of the 
radial nerve, together with the deep brachial 
artery, which both run from a proximal and 
medial direction towards distal and lateral, so 
that in the middle third of the arm they are 
found over the radial sulcus in the posterior 
aspect of the humerus. Finally, the musculocuta- 
neous nerve runs distal to the biceps brachii and 
the brachialis muscles in a direction from proxi- 
mal and medial towards distal and lateral. Epi- 
fascially two veins are, in general, clearly visible: 
the cephalic vein of the arm on the lateral aspect 
and the basilic vein of the arm on the medial 
aspect (f gure 3.13). 


Elbow 


In the cubital fossa, the presence of vasculonerv- 
ous elements is highly relevant, and thus, for 
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better systematization, the medial and lateral 
bicipital grooves are described. The insertion 
tendon of the biceps brachii muscle is the 
common element to both grooves, and from the 
tendon to the pronator teres muscle the medial 
bicipital groove is found, whereas between the 
tendon and the brachioradialis muscle the lateral 
bicipital groove is found. From medial to lateral, 
the medial bicipital groove contains the inferior 
ulnar collateral artery, the median nerve and the 
brachial artery (f gure 3.14). 





FIGURE 3.14 = Dissection of the ventral region of the 
left forearm. The medial epicondyle muscles (MEM) 
have been sectioned and proximally displaced, includ- 
ing the flexor digitorum superficialis (FDS), which is 
seen distally. Flexor carpi ulnaris muscle (FCU), flexor 
digitorum profundus muscle (FDP), flexor hallucis 
longus muscle (FPL) and brachioradialis muscle (B). 
The vasculonervous structures are: the ulnar nerve (1), 
the median nerve (2), the superficial branch of the 
radial nerve (3), the brachial artery (4), the ulnar artery 
(5) and the radial artery (6). Orientation: p, proximal; 
l, lateral. (Courtesy of Drs. JR. Safitudo, F. Valderrama, 
T. Vazquez and E. Maranillo). 


Approximately 2 cm distal to the crease of the 
elbow, in most cases, a terminal division occurs 
of the brachial artery into the radial artery and 
the ulnar artery; however, it is important to bear 
in mind that, in 8% of cases, a superf cial ulnar 
artery can be found located superf cially to the 
pronator teres muscle.*” If present, it can be 
identif ed by its superf cial pulse which can be 
seen with the naked eye (f gure 3.14). The lateral 
bicipital groove contains, deep to the brachiora- 
dialis muscle, the division of the radial nerve into 
its terminal branches (superfcial and deep 
branches), the musculocutaneous nerve, which 
immediately becomes epifascial and continues 
as the lateral cutaneous nerve of the forearm 
(sensitive), and the anastomosis between the 
deep brachial artery and the radial recurrent 
artery. 

T he anatomical relation between the branches 
of the radial nerve and the humeroradial joint is 
important as the superf cial branch is anterior to 
the joint, and, laterally, the deep branch is found 
running between the two planes of the supinator 
muscle. Over the lateral epicondyle there is a 
common extensor tendon that gives origin to the 
extensor carpi ulnaris, the extensor digiti minim1, 
the extensor digitorum and the extensor carpi 
radialis brevis, which is the deepest in origin and 
has f bres that originate directly from the radial 
collateral ligament and the annular ligament.*°”’ 
T herefore, it has a very signif cant relation with 
the humeroradial joint. 

In the posterior elbow region, the cubital 
tunnel is found dorsal to the medial epicondyle; 
it is an osteof brous passage through which the 
ulnar nerve passes. Between the lateral epi- 
condyle and the olecranon, the anconeus muscle 
is found, which receives its innervation on the 
deep aspect, from proximal and medial to distal 
and lateral, a plane through which the inter- 
osseous recurrent artery also passes in a near- 
vertical path. Subcutaneous to this region, the 
subcutaneous bursa of the olecranon is found. 


Forearm 


T he muscles of the anterior compartment of the 
forearm are distributed in four layers. From 
medial to lateral these are: the superf cial layer, 
formed by the flexor carpi ulnaris, the palmaris 
longus (a muscle which is absent in 10-20% of 
the population’), the flexor carpi radialis and 
the pronator teres muscles. The second layer is 
formed by the flexor digitorum superf cialis 
muscle; the third layer includes the flexor digi- 
torum profundus and the flexor pollicis longus 
muscles, and the pronator quadratus muscle, 
which is found in the distal third of the forearm, 
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forms the deepest, or fourth, layer. The median, 
ulnar and superf cial branch of the radial nerve, 
and the radial and ulnar arteries, are the main 
vasculonervous structures of the anterior forearm 
region, and their anatomical relations change 
according to their proximal or distal position 
along the forearm (fgure 3.14). The median 
nerve enters the forearm through the humeral 
and ulnar heads of the pronator teres muscle 
although, occasionally, it can pass superf cially, 
or deep, to both, or pierce the humeral head.” 
The median nerve in its distal trajectory is 
found in the deep aspect of the flexor digitorum 
superf cialis muscle, surrounded by the same 
fascia as the muscle, although, in very excep- 
tional circumstances, it can travel on the super- 
f cial aspect of the same muscle. Approximately 
5 cm proximal to the flexor retinaculum (trans- 
verse carpal ligament, or anterior annular liga- 
ment), the median nerve becomes superf cial and 
is located medial to the tendon of the flexor carpi 
radialis muscle (f gure 3.15). The ulnar nerve can 
be located throughout all of its forearm length 





FIGURE 3.15 = Dissection of the palmar region of the 
left hand, including the carpus and the distal forearm. 
The following muscles are shown: flexor carpi ulnaris 
(FCU), extensor digitorum superficialis (EDS), the 
tendon of the flexor carpi radialis (4) and the tendon 
of the brachioradialis (6). In the hand we observe the 
hypothenar eminence (HE) and thenar eminence (TE). 
The vasculonervous elements are the ulnar artery (1) 
and the ulnar nerve (2) (the relation between both has 
been accidentally modified), the median nerve at its 
entrance to the carpal tunnel (3), the radial artery (5), 
the superficial palmar arch (7) and the common palmar 
digital branches ofthe nerves and arteries (8). Orienta- 
tion: p, proximal]; |, lateral. (Courtesy of Drs. JR. Safiudo, 
F. Valderrama, T. Vazquez and E. Maranillo). 


over the flexor digitorum profundus. Proximally, 
it is covered by the palmaris longus muscle, if 
it is present, and the flexor carpi radialis muscle, 
at the surface, and the flexor digitorum superf - 
cialis at a deeper level whereas, from the union 
of the proximal third and the middle third of the 
forearm, a site where the ulnar artery becomes 
lateral to the nerve, it is covered exclusively by 
the flexor carpi ulnaris muscle. 

Before following a common course with the 
ulnar nerve, the ulnar artery is frst deep to the 
ulnar head of the pronator teres muscle in order 
to pass deep to the median nerve as soon as this 
is crossed and continue its course, from proximal 
and median to distal and medial, over the belly 
of the flexor digitorum profundus until it 
becomes lateral to the ulnar nerve. The radial 
artery is covered, from the cubital fossa distal- 
ward, by the belly of the brachioradial muscle, 
passing anterior to the insertion of the pronator 
teres muscle and, from the myotendinous junc- 
tion of the brachioradialis muscle, it lies medial 
to the tendon in all its length within the pulse 
groove, which is subfascial, and where it rests 
proximal to the flexor pollicis longus, and, dis- 
tally, to the pronator quadratus muscle (f gure 
3.14). The arterial common pattern of the 
forearm, with one ulnar artery and one radial 
artery, occurs in 84% of individuals, but it is 
important to consider the possible presence of a 
median artery (8%) or a superf cial ulnar artery 
(8%).°*? The anterior interosseous nerve and 
artery are the deepest vasculonervous structures 
of the anterior compartment of the forearm 
and they run, over the anterior aspect of the 
interosseous membrane, deep to the flexor digi- 
torum profundus and the flexor pollicis longus 
muscles. 

In the posterior forearm region there are two 
muscular planes which contain on the superf cial 
layer, and from lateral to medial, the brachiora- 
dialis, the extensor carpi radialis longus, the 
extensor carpi radialis brevis, the extensor digi- 
torum, the extensor digiti minimi and the exten- 
sor carpi ulnaris muscles. On the deep plane, 
from proximal to distal and from lateral to 
medial, the following muscles are found: the 
supinator, the abductor pollicis longus, the 
extensor pollicis brevis, the extensor pollicis 
longus and the extensor indicis muscles (f gure 
3.16). Proximally, the deep branch of the radial 
nerve is found deep to the superf cial belly of 
the supinator muscle (supinator arch: arcade of 
Frohse) and runs all along this belly and the deep 
belly, emerging distally, as the posterior interos- 
seous nerve, in the interstitium between the 
supinator and abductor pollicis longus muscles. 
The nerve continues distally, innervating the 
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FIGURE 3.16 =» Dorsal view of a dissection of the left 
forearm. The extensor digiti minimi (EDM) and exten- 
sor digitorum (ED) muscles have been sectioned and 
displaced medially in order to observe the course of 
the posterior interosseous nerve (3) after exiting from 
between the two layers of the supinator muscle (S). 
The brachioradialis (1), extensor carpi radialis longus 
(2), extensor carpi radialis brevis (ECRB), extensor 
carpiulnaris (ECU) and the extensor indicis (4) muscles 
are visible, as well as the radius (R) and the ulna (U). 
Orientation: p, proximal; m, medial. (Courtesy of Drs. 
JR. Safudo, F. Valderrama, T. Vazquez and E. Maranillo). 


remaining muscles of the compartment (f gure 
3.16). The superf cial branch of the radial nerve, 
which is sensitive, runs from proximal to distal 
frstly deep to the brachioradialis muscle and 
lateral to the radial artery (f gure 3.14), to the 
segment between the middle and distal third of 
the forearm, which is where the nerve separates 
from the artery and heads dorsally in order to 
become epifascial, two fnger widths proximal to 
the styloid process of the radius. 


Wrist 


In the anterior wrist region, the presence of the 
carpal tunnel is highlighted as an osteof brous 
tunnel formed dorsally by a canal limited by the 
carpal bones and ventrally by the flexor retinacu- 
lum, within which are contained the four tendons 
of the flexor digitorum superf cialis muscle, 


covered by their synovial sheaths, and the median 
nerve on the superfcial plane, and the four 
tendons of the flexor digitorum profundus 
muscle plus the tendon of the flexor pollicis 
longus, in a deeper plane. Some German authors, 
or those with a Germanic influence, also include 
the tendon of the flexor carpi radialis muscle 
among the structures crossing the carpal tunnel, 
based on the fact that, although the tendon 
passes within an independent fbrous compart- 
ment to the common compartment of the flexor 
digitorum tendons and the median nerve, it is 
covered by the flexor retinaculum.”’* The 
median nerve passes the carpal tunnel lateral to 
the flexor tendons. The ulnar canal (Guyon’s 
canal) is the subfascial space, medial to the carpus 
(f gure 3.13), within which the ulnar nerve and 
artery access the hand, with the nerve located 
medial to the artery.” 

In the dorsal carpal region, six osteof brous 
compartments are found, through which the 
tendons of the muscles that extend the hand and 
the fngers enter the hand surrounded by their 
synovial sheaths.*! From radial to ulnar, these 
correspond with the tendons of the following 
muscles: the abductor pollicis longus and exten- 
sor pollicis brevis, the extensor carpi radialis 
longus and brevis, the extensor pollicis longus, 
the extensor digitorum and the extensor indicis, 
the extensor digiti minimi and, f nally, the exten- 
sor carpi ulnaris. The tendon of the abductor 
pollicis longus muscle is double in almost all 
individuals.’ 


Hand 


T he thenar eminence is formed by the following 
muscles, from superf cial to deep: the abductor 
hallucis brevis, the opponens pollicis, the flexor 
pollicis brevis and the adductor pollicis. Both the 
thenar branch and the lateral branch of the 
median nerve pass through the medial aspect of 
the eminence. Also, within the medial aspect of 
the thenar eminence, but at a deeper level, the 
deep branch of the ulnar nerve passes. In the 
palmar concavity, that contains the lumbrical 
muscles and the palmar and dorsal interossei 
muscles in the deepest layer, the superf cial 
palmar arch of the ulnar artery and the deep 
palmar arch of the radial artery are found, both 
of which can present variations such as the non- 
formation of the arch,®”'* together with the 
common digital palmar arteries and nerves 
(f gure 3.15), and the superf cial branch of the 
ulnar nerve and the palmar common branches of 
the median nerve. The intrinsic musculature of 
the little fnger forms the hypothenar eminence 
composed of the abductor, flexor and opponens 
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digiti minimi muscles, which are listed from 
superf cial to deep, with the superf cial and deep 
branches of the ulnar nerve running lateral to 
these structures. 

In the dorsal aspect of the hand, the dorsal 
metacarpal arteries and the dorsal digital 
branches of the radial and ulnar nerves run 
parallel to the metacarpals in the interosseous 
spaces. 


3.5.3 Areas of vasculonervous 
conflict and anatomical landmarks 


The axillary nerve and the posterior circumflex 
humeral artery wind around the humerus 
approximately 2 cm above the central point of a 
line which unites the tip of the acromion with 
the inferior border of the deltoid tuberosity.'! 
Both elements access the deltoid region from the 
axilla through a quadrangular space, which 1s 
delimited from above by the belly of the teres 
minor muscle, medially by the belly of the long 
head of the triceps brachii muscle, inferiorly by 
the muscle belly of the teres major, and laterally, 
by the humerus itself. However, in 16% of cases, 
the artery does so from the triangular interval 
(lower triangular space or triceps hiatus),”'"'* a 
space found within the following boundaries: the 
teres major superiorly, the body of the humerus 
laterally and the long head of the triceps brachii 
muscle medially. The triangular space contains 
the scapular circumflex artery and is delimited 
superiorly by the muscle belly of the teres minor, 
inferiorly by the belly of the teres major and 
laterally, by the long head of the triceps brachii 
muscle.*'” 

The axilla is an area of communication 
between the neck and the upper limb, which 
contains the brachial plexus, the axillary artery 
and vein and fve groups of lymphatic nodules. 
T he course of the axillary artery can be observed 
upon abduction of the arm to a square angle, 
drawing a line from the centre of the clavicle to 
the point where the tendon of the pectoralis 
major muscle crosses the prominence of the 
coracobrachialis muscle.'' This reference is also 
useful for indicating the posterior, lateral and 
medial fascicles of the brachial plexus, as they 
run in relation to the artery. 

The axillary vein is at frst anterior to the 
artery, and then becomes medial, as it goes distal. 
The origin of the thoracoacromial artery cor- 
responds with a point where the axillary artery 
crosses the superior border of the pectoralis 
minor muscle. The communication between the 
axilla and the arm occurs on the lateral aspect of 
the axilla, which leads into the medial aspect of 


the arm. Thus, upon exiting the axilla, the bra- 
chial artery and the median and ulnar nerves run 
along the medial aspect of the arm. The long 
thoracic nerve descends superf cially to the ser- 
ratus anterior, approximately over the midaxil- 
lary line, and the lateral thoracic artery is slightly 
anterior to it. 

T he accessory nerve runs over the deep aspect 
of the trapezius, in the descending part, after 
having crossed from upwards to downwards and 
from the front backwards, the levator scapulae 
muscle. The nerve then continues its vertical 
descent (with an approximate reference being 
along the free aspect of the transverse processes) 
deep to the medial and ascending f bres, until it 
almost reaches the inferior extent of the ascend- 
ing part. The dorsal nerve of the scapula courses 
vertically, over the deep aspect of the rhomboid 
muscles, laterally located in relation to the cos- 
totransverse joints. The nerve and the supras- 
capular artery pass along the bottom of the 
supraspinatus fossa in a lateral direction, passing 
behind the neck of the scapula through the 
scapular notch, located in the middle third 
between the root of the spine of the scapula and 
the lateral border of the acromion, until it enters 
the infraspinatus fossa. 

In the arm, the brachial artery and the median 
nerve continue together to the medial bicipital 
groove, in which the nerve is medial to the 
artery. The ulnar nerve is approximately located 
in the middle third of the arm, within the pos- 
terior compartment and courses towards the 
posterior aspect of the medial epicondyle. The 
course of the radial nerve can be indicated by a 
line which passes just below the posterior axillary 
fold towards the lateral aspect of the humerus in 
the union between its middle and inferior third 
and, from there, it passes vertically distally, 
ventral to the lateral epicondyle. Approximately 
2 cm distal to this epicondyle, the articular inter- 
line of the humeroradial joint is found."' 

T he position of the radial artery in the forearm 
is represented by a line that goes from the lateral 
border of the biceps brachii tendon to the medial 
part of the anterior aspect of the radial styloid 
process. Due to the curved course of the ulnar 
artery, two lines have to be traced in order to 
indicate its progression. One line extends from 
the ventral aspect of the medial epicondyle to the 
radial aspect of the pisiform bone, in which the 
middle and distal thirds of this line represent 
the distal course of the artery. The proximal 
third of the artery corresponds with a line that 
goes from the centre of the cubital fossa to the 
union of the upper and middle thirds of the frst 
line. The course of the median nerve in the 
forearm is marked proximally by the middle 
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point of the line that joins both epicondyles on 
the ventral aspect of the arm, and distally, by the 
point along the medial border of the flexor carpi 
radialis tendon when it crosses deep to the flexor 
retinaculum. The ulnar nerve is found over a line 
that goes from the anterior aspect of the medial 
epicondyle to the lateral border of the pisiform 
bone. The superf cial branch of the radial nerve 
continues the trajectory of the radial nerve after 
the lateral epicondyle, situated deep to the bra- 
chioradialis muscle and lateral to the radial 
artery, to the point between the middle and distal 
thirds of the forearm, where it separates from the 
artery and heads dorsally, becoming epifascial 
two fnger widths proximal to the styloid process 
of the radius."' 

The median nerve passes the carpal tunnel 
that lies lateral to the tendon of the middle f nger 
of the flexor digitorum superf cialis muscle and 
superf cial to the tendon of the index fnger of 
the flexor digitorum superf cialis muscle medi- 
ally, and the flexor pollicis longus laterally.°' In 
the ulnar canal, the ulnar nerve and artery access 
the hand laterally to the tendon of the flexor 
carpi ulnaris muscle and the pisiform bone and 
medial to the hook of the hamate, with the nerve 
situated medial to the artery.” 

T he tendons of the extensor carpi muscles and 
the extensors of the f ngers are situated as follows 
within the osteof brous compartments: the frst 
compartment contains the tendons of the abduc- 
tor pollicis longus and the extensor pollicis 
brevis,” which, distally, forms the ventral limit of 
the radial fossa, in the depth of which the scaphoid 
bone is found proximally, and the trapezium 
bone distally, with the radial artery passing above 
the latter; the tendon of the abductor pollicis 
longus is double in almost all individuals. The 
second compartment is found immediately lateral 
to the dorsal tubercle of the radius and contains 
the tendons of the extensor carpi radialis longus 
and brevis. Immediately medial to the dorsal 
tubercle of the radius, the third compartment 
contains the tendon of the extensor hallucis 
longus, which distally forms the dorsal limit of 
the anatomical snuffbox. Slightly medial to the 
third compartment, the fourth compartment 
contains the four tendons of the extensor digito- 
rum superf cially, and the tendon of the extensor 
indicis and the distal portion of the posterior 
interosseous nerve on the deep plane. The f fth 
compartment, for the extensor digiti minim1, is 
found over the head of the ulna and marks the 
interline of the distal radioulnar joint. The sixth 
compartment is formed by the tendon of the 
extensor carpi ulnaris and is lateral to the styloid 
process of the ulna.'!”! 


3.5.4 Approaches for structures and 
key sites used during puncture 
techniques 


Next, the approaches are described for punctur- 
ing the most relevant anatomical structures and 
those that present the most diff culty during the 
minimally invasive procedures of daily clinical 
practice. 

¢ Infraspinatus muscle: 

° position: prone. 

¢ location: central part of the muscle. 

° procedure: puncture using a flat palpa- 
tion technique, inserting the needle in a 
perpendicular direction and searching 
for the MTrP or the motor point. 

¢ Pectoralis major muscle — sternal part: 

° position: supine with the arm in slight 
abduction. 

° location: central part of the muscle. 

° procedure: puncture using a pincer grip 
and inserting the needle in a medial and 
cranial direction, searching for the MTrP 
or the motor point. 

¢ Subscapularis muscle: 

° position: supine with the arm in abduc- 
tion and external rotation (in order to 
separate the scapula from the ribcage and 
therefore reveal the muscle easier). 

¢ location: anterior aspect of the scapula. 

¢ procedure: the therapist places the dorsal 
aspect of his or her triphalangeal fngers 
of the medial hand over the ribcage (in 
order to delimit the approach and avoid 
accessing into the ribcage); with the 
lateral hand, the needle is inserted from 
the lateral border of the scapula towards 
the subscapular fossa in a medial, poste- 
rior and cranial direction. 

¢ Deltoid muscle — anterior, medial and pos- 
terior part: 

° position: contralateral decubitus. 

¢ location: middle one-third of the muscle. 

° procedure: using a pincer grip, puncture 
the specif ed area by inserting the needle 
in a perpendicular sense, to reach the 
MTrP or motor point. 

¢ Descending trapezius muscle: 

° position: prone. 

¢ location: central portion of the more ver- 
tical muscle f bres. 

° procedure: pincer grip of the specif ed 
area; for the descending part a needle is 
inserted in an anterior and cranial direc- 
tion, searching for the MTrP or motor 
point; for the transverse part, the needle 
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is inserted perpendicularly, searching for 
the MTrP or the motor point (f gure 
3.10-A). 


¢ Levator scapulae muscle: 


position. contralateral decubitus. 
location. at the level of the beginning of 
the neck, just in front of the anterior 
border of the descending part of the 
trapezius. 

procedure: puncture using a flat palpa- 
tion technique, inserting the needle in a 
posterior and caudal direction, searching 
for the MTrP or the motor point. 


¢ Rotator interval: 


position. supine with the arm in a neutral 
position or in internal rotation in order 
to anteriorize the insertion fbres of the 
supraspinatus which form the rotator 
interval. 

location. area formed by the anchor 
points of the long head of the biceps 
brachii (caudal), f bres of the supraspina- 
tus tendon (cranial) and the subscapularis 
(medial). 

procedure: two approaches: puncture 
from cranial to caudal, perpendicular to 
the structure (f gure 3.17) or from medial 
to lateral, or from lateral to medial 
depending on the affected tissue. 





ROTATOR INTERVAL 


¢ Tendon of the supraspinatus muscle — artic- 
ular part and enthesis: 
° position: supine with the arm against the 


body in neutral rotation. 

location: width of the tendon and 
enthesis in the greater tubercle of the 
humerus. 

procedure: for the articular part, a needle 
is inserted from a lateral approach 
beneath the anterolateral border of the 
acromion, searching for the area of the 
tendon with signs of degeneration; for 
the enthesis, the needle is inserted from 
an anterosuperior approach with an or1i- 
entation of 40° in a lateral and caudal 
direction. 


¢ Brachioradialis muscle: 
° position: supine, with the patient’ 


forearm in neutral prone supination. 
location: central part of the muscle in the 
posterior antebrachial (forearm) region, 
before the elbow crease. 

procedure: puncture using a pincer grip, 
inserting the needle from lateral to 
medial directed to the MTrP or motor 
point. 


e Anconeus muscle: 
° position: supine, patient’ elbow slightly 


flexed and forearm pronated. 











FIGURE 3.17 = Rotator interval: craniocaudal approach on the structure. LHBBM, long head of the biceps brachii 


muscle. 


a 


PART II CADAVER-BASED APPROACHES IN PHYSIOTHERAPY 


location: central part of the muscle and 
in depth. 

procedure. puncture using a flat palpa- 
tion technique, inserting the needle one 
finger width from the posterior border of 
the lateral epicondyle and in a medial, 
anterior and craniocaudal direction, 
searching for the MTrP or motor point. 


Extensor carpi radialis longus muscle: 


position: supine, with the patient’ 
forearm in neutral pronosupination. 
location: superior one-third of the 
muscle belly in the posterior antebra- 
chial (forearm) region before crossing 
the elbow crease. 

procedure: puncture using a pincer grip 
and inserting the needle from lateral to 
medial directed at the MTrP or motor 
point. 


Extensor carpi radialis brevis muscle: 


position: supine, with the patient’ 
forearm pronated. 

location: central part of the muscle. 
procedure: flat puncture of the muscle 
belly, inserting the needle in a perpen- 
dicular direction towards the MTrP or 


motor point. 


Common extensor tendon of the lateral 
epicondyle muscles: 


position. supine, with the patient’s elbow 
slightly flexed and forearm pronated. 
location: insertion of the common 
tendon on the lateral epicondyle. 
procedure: the needle is inserted with a 
30° orientation from caudal to cranial 
searching for the insertion of the tendon 
on the lateral epicondyle (f gure 3.18). 


Tendon of the extensor carpi radialis brevis 
muscle: 


position: supine, with the patient’s elbow 
slightly flexed and the forearm pronated. 





location: insertion of the tendon in the 
deepest plane of the lateral epicondyle. 
procedure: the needle is inserted in a 
45—60° orientation from caudal to cranial 
and slightly from anterior to posterior, 
searching for the insertion of the deep 
fascicle of the tendon in the lateral 
epicondyle. 


Extensor carpi radialis brevis — capsule of 
the humeroradial joint: 


position: supine, with the patient’ elbow 
in slight extension and the forearm in 
neutral prone supination (in this man- 
ner, more articular space is created in 
order to facilitate the insertion of the 
needle). 

location: through the extensor digitorum 
and the extensor carpi radialis brevis 
muscles until greater resistance is met; 
this corresponds with the capsuloliga- 
mentous complex of the joint and the 
deepest fascicle of the extensor carpi 
radialis brevis (which lines the joint). 
procedure: puncture using a flat punc- 
ture technique, inserting the needle per- 
pendicular to the joint (f gure 3.19). 


Arcade of Frohse (supinator arch): 





position: supine, the patient’ arm slightly 
flexed and the forearm supinated. 
location: the fbrotic connective tissue 
which can compromise the radial nerve 
when it meets the arch, or the connective 
tissue which surrounds the nerve. 
procedure: using the landmark repre- 
sented by the projection of the humero- 
radial articulation in the anterior aspect 
of the forearm (2 cm lateral to the biceps 
brachii tendon), puncture using a flat 
palpation technique, inserting the needle 
in a posterior and slightly lateral and 
cranial direction. 


Common extensor 
tendon 


£102 400 


Lateral epicondyle Anconeus muscle 


FIGURE 3.18 =» Common extensor tendon: enthesis approach. 


e 
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FIGURE3.19 = Extensor carpiradialis brevis (ECRB)— capsule of the humeroradial joint: therapeutic approach over 
the deep fascicle of the tendon and joint capsular ligamentous complex. 
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FIGURE 3.20 =» Median nerve: carpal tunnel approach. 


¢ Carpal tunnel: 

° position: supine; the patient’ arm 1s 
extended and the forearm is supinated. 
The space between the tendons is 
located. 

¢ location: f brotic connective tissue which 
can compromise the median nerve when 
it meets the carpal tunnel, in relation to 
the flexor retinaculum or the flexor 
tendons, or the connective tissue which 
surrounds the nerve (see video 3.3). 

° procedure: in order to release the inter- 
face between the nerve and the flexor 
tendons, the space between the tendons 
of the palmaris longus and the flexor 
carpi radialis is located (with the median 
nerve lying in between both of these), 
and approximately 2—3 cm above the 
wrist crease, the needle is inserted just 
beside the ulnar border of the tendon of 
the flexor carpi radialis with a 30-40° 
orientation and following a caudal and 
posterior direction. In order to release 


the interface between the flexor retinac- 
ulum and the nerve, a needle is inserted 
in the same location with a 15° orienta- 
tion, following a caudal and slightly pos- 
terior direction (f gure 3.20). 


3.6 TOPOGRAPHICAL ANATOMY OF 
THE LOWER UMB 


3.6.1 Regions 


Six regions are described in the lower limb: 
the gluteal region, the thigh, the knee, the 
leg, the ankle and the foot. However, not all 
authors regionalize the lower limb with these 
demarcations.°’ 


Gluteal region 


This is limited inferiorly by the gluteal fold, 
anterolaterally by a line which connects the 
anterior superior iliac spine with the greater 
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trochanter, superiorly by a prominence of the 
iliac crest and medially by the intergluteal cleft. 
According to functional criteria and topographic 
proximity, together with the muscles of the 
gluteal region, the relations with the iliacus and 
psoas major muscles are also described, known 
together as the iliopsoas muscle. 


The thigh 


Several systematizations exist for the thigh (or 
femoral region), but the division into anterior, 
femoral triangle (triangle of Scarpa) and poste- 
rior 1s both simple and practical. The anterior 
region corresponds with the ventral aspect of the 
thigh, which is found lateral to the prominence 
of the sartorius muscle, to an imaginary line 
between the greater trochanter and the lateral 
femoral condyle, which coincides approximately 
with the iliotibial tract, and ends distally with an 
imaginary line that passes two fnger widths 
above the base of the patella, which demarcates 
with the region of the knee. The femoral trian- 
gle, which lies between the inguinal ligament 
superiorly, the sartorius muscle laterally and the 
adductor longus muscle medially, has a muscle 
floor formed laterally by the iliopsoas muscle 
and medially by the pectineus muscle. The pos- 
terior thigh region extends from the gluteal fold 
with medial and lateral boundaries that coincide 
with the anterior region and distally with the 
circular line that passes two fnger widths above 
the patella, and separates it from the knee. 


The knee 


T he proximal boundary of the knee region cor- 
responds with a horizontal line which passes two 
fnger widths above the base of the patella, and 
caudally by another horizontal line that passes 
by the inferior limit of the tibial tuberosity. For 
descriptive reasons, the anterior knee and the 
posterior knee regions are considered, with the 
popliteal fossa found within their depth. 


The leg 


The crural region, or the leg region, extends 
from its proximal boundary with the knee to an 
imaginary circular line that passes above the 
malleoli. In the leg, both an anterior and a pos- 
terior region are described. 


The ankle 


The talocrural region, or ankle region, contains 
the territories corresponding to the talocrural 


joint, the malleoli and the heel, although other 
systems exist. 


The foot 


In the foot we can distinguish a dorsal area, or 
the dorsum of the foot, and a plantar area, or the 
sole of the foot. 


3.6.2 Anatomical relations 
of interest 


Gluteal region 


T he sciatic nerve is the main related structure in 
this region (f gure 3.21), although the superior 
and inferior gluteal vessels and nerves are also 
relevant. The sciatic nerve is flat and normally 
reaches 1.5 cm width; it exits the pelvis by the 
greater sciatic foramen, inferior to the piriformis 
muscle in 85% of cases, but in almost 15% of 





FIGURE 3.21 = Dissection of the left gluteal region. The 
medial margin of the gluteus maximus has been sec- 
tioned (GM) in order to displace the muscle laterally 
and visualize the gluteus medius muscle (Gm) and the 
piriformis muscle (P), under which the inferior gluteal 
nerve (1) and the sciatic nerve (2) are visible. In the 
posterior femoral region, the following muscles are 
visible: vastus lateralis (VL), long head of the biceps 
femoris (BFL), semitendinosus (ST) and adductor 
magnus (AM). Orientation: c, cranial; m, medial. (Cour- 
tesy of Drs. JR. Safiudo, F. Valderrama, T. Vazquez and 
E. Maranillo). 
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cases, the common fbular nerve component 
pierces the piriformis muscle belly.'* In less than 
1% of cases, the common f bular nerve exits the 
pelvis passing above the piriformis muscle belly.’ 
In all cases the tibial nerve, the other terminal 
branch of the sciatic nerve, passes caudal to the 
piriformis. Once the sciatic nerve exits the pelvis, 
it becomes ventral to the superior gemellus 
muscle, the internal obturator, the inferior 
gemellus and the quadratus femoris, continuing 
vertically along the thigh over the adductor 
magnus. The superior gluteal vasculonervous 
bundle exits the pelvis from above the piriformis 
muscle, and then passes between the gluteus 
medius and minor muscles, reaching the tensor 
fascia latae muscle (f gure 3.21). 

T he anatomical relations with the psoas major 
and iliacus muscle, together known as the iliop- 
soas muscle, are also described in this section 
(although they do not belong to the gluteal 
region), due to functional and topographic prox- 
imity. A greater portion of the muscle bellies 
pertaining to the psoas major and the iliacus 
course within the abdominal cavity, covered by 
the iliac fascia or the iliopsoas fascia, the extra- 
peritoneal fat and the parietal layer of the peri- 
toneum.” T he psoas major and iliacus are related 
to the peritoneum, the intestinal loops and the 
lateral femoral cutaneous, obturator and femoral 
nerves. Additionally, the psoas major is related 
to the kidneys, the anterior branches of the 
lumbar spinal nerves and the subcostal, iliohy- 
pogastric, ilioinguinal and genitofemoral nerves. 
The iliacus muscle also relates to the deep cir- 
cumflex iliac artery which, in the depth of the 
transversalis fascia, extends in a posterior direc- 
tion along the iliac crest. 


Thigh 


In the anterior thigh region, the vasculonervous 
relations of the quadriceps femoris muscle, 
formed by the rectus femoris, and the vastus 
lateralis, medialis and intermedius, and those of 
the sartorius and tensor fascia latae muscles are 
limited to those of the lateral femoral cutaneous 
nerve and the cutaneous and motor branches of 
the femoral nerve (f gure 3.22). N otwithstand- 
ing, distally, in the vertex of the femoral triangle, 
it is important to consider the presence of the 
adductor canal (H unter’s canal), as it contains the 
femoral vessels, the descending genicular artery, 
the saphenous nerve and the nerve for the vastus 
medialis. 

The presence of the femoral vasculonervous 
bundle marks the relations in the femoral trian- 
gle (f gure 3.22). The most lateral element is the 
nerve, followed by the artery, and fnally the 





FIGURE 3.22 = Dissection of the left anterior thigh 
region. The borders of the femoral triangle are 
observed: the inguinal ligament (IL), the adductor 
longus (AL) and the sartorius muscle (S); the muscle 
‘floor’ of the triangle is formed by the pectineus 
muscle (P) medially and the iliopsoas (ILP) laterally. 
The triangle contains the femoral vein (1), the femoral 
artery (2) and the femoral nerve (3). Other muscles: 
gracilis (G), vastus medialis (VM), rectus femoris (RF), 
vastus lateralis (VL) and the tensor fascia latae (TFL) 
are observed. It is also possible to observe the sper- 
matic cord (SC). Orientation: p, proximal; lI, lateral. 
(Courtesy of Drs. JR. Safiudo, F. Valderrama, T. Vazquez 
and E. Maranillo). 


vein, although even more medial, an important 
lymphatic nodule obliterates the femoral canal 
(node of Cloquet; node of Rosenmiiller). The 
arterial vessels worth consideration (all of which 
are branches of the femoral artery) are the exter- 
nal pudendal arteries, which are directed towards 
medial, and the external iliac circumflex artery, 
which heads laterally in parallel and below the 
inguinal ligament. The deep lymph nodes are 
also important and found over the area of the 
femoral triangle. Finally, as an epifascial struc- 
ture, the great saphenous vein ends its course, 
accompanied by important superfcial lymph 
nodes, draining the femoral vein through the 
saphenous hiatus of the fascia latae. 

T he posterior region of the thigh contains the 
so-called ischiocrural muscle group, formed by 
the biceps femoris, the semimembranosus and 
semitendinosus muscles (f gure 3.21). In the 
deeper plane the adductor magnus is found, and 
between this and the biceps femoris, and lateral 
to the semimembranosus, the sciatic nerve lies, 


126 PART II 


CADAVER-BASED APPROACHES IN PHYSIOTHERAPY 





FIGURE 3.23 = Dissection of the left knee. Anatomic relation of Hoffa’s fat pad (HFP) with the deep portion of the 


patellar ligament (PL). P, patella; T, tibia. 


passing laterally to the ischial tuberosity to enter 
the thigh. Distally, on the medial aspect, the 
popliteal vessels cross the adductor hiatus formed 
by the tendon of the adductor magnus and run 
lateral to the muscle belly of the semimembrano- 
sus. Epifascially, the posterior femoral cutaneous 
nerve enters the thigh from the lateral third of 
the gluteal fold, and within the proximal third of 
the thigh it is found superfcial to the biceps 
femoris muscle whereas, from the distal third, it 
is found superf cial to the muscle belly of the 
semitendinosus muscle. 

At the origin of the adductor muscles, over 
the body of the pubic bone and its inferior 
branch, the spermatic cord is relevant in male 
subjects (f gure 3.22) and, in any case, the obtu- 
rator foramen with the obturator nerve and 
artery and the root of the cavernous bodies sur- 
rounded by the ischiocavernosus muscles. In the 
territory of the pubic symphysis, important rela- 
tions are established in the subpubic angle with 
the dorsal nerve and artery of the penis or the 
clitoris. 


Knee 


In the anterior knee region the relation between 
the patellar ligament” and the infrapatellar fat 
pad (fat pad of Hoffa) (f gures 3.23 and 3.24) is 
particularly noteworthy. Other structures with 
interesting relations in the anterior knee region 
are the superf cial pes anserinus, which superf - 
cially lines the medial collateral ligament and 
the lateral collateral ligament, which has a very 
relevant anatomical relation, both with the 
insertion of the iliotibial tract over the lateral 
condyle of the tibia, and especially with the pop- 
liteus muscle tendon,” which passes deep to the 
ligament in order to enter the joint capsule and 
insert in the lateral femoral condyle (f gure 3.25). 





FIGURE 3.24 = Dissection ofa left knee. The quadriceps 
tendon (TC) continues over the patella (P) and then 
follows towards the tibia as the patellar ligament (PL). 
From lateral to medial: fibular collateral ligament (1), 
crossed in depth by the popliteus muscle tendon (2) 
which inserts in the lateral femoral condyle (3); the 
lateral meniscus is also visible (4). In the medial com- 
partment: the medial femoral condyle (5), the medial 
meniscus (6) and the collateral tibial ligament (7) are 
shown. The infrapatellar fat pad (Hoffa’s fat pad) is 
also visible (8). Orientation: p, proximal; m, medial. 
(Courtesy of Drs. JR. Safiudo, F. Valderrama, T. Vazquez 
and E. Maranillo). 


The posterior knee region contains the distal 
portions of the ischiocrural muscles and the 
proximal extent of the triceps surae, which def ne 
the limits of the popliteal fossa, and the proximal 
part of the popliteus muscle (f gures 3.25 and 
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FIGURE 3.25 = Dissection of the posterior articular 
plane of a left knee. The tendon of the semimem- 
branosus muscle (1), the oblique popliteal ligament 
(2), the arcuate popliteal ligament (3) and the fibular 
collateral ligament (4) are identified. Deep to this liga- 
ment, the tendon of the popliteus muscle (P) passes 
towards the lateral femoral condyle. Orientation: p, 
proximal; 1, lateral. (Courtesy of Drs. JR. Safiudo, F. 
Valderrama, T. Vazquez and E. Maranillo). 


3.26). The fossa, which contains an abundance 
of fat and lymph nodes, has a diamond-like shape 
and is superiorly and laterally limited by the 
biceps femoris, superiorly and medially by the 
semimembranosus and inferiorly by the medial 
and lateral heads of the gastrocnemius and the 
lateral aspect of the plantaris muscle (this muscle 
is absent 5-10% of the time and its presence on 
one side does not necessarily indicate that it is 
present on the other).* The popliteal vascular 
bundle crosses the area vertically, with the vein 
located lateral to the artery during its proximal 
course and, as it becomes more distal, it becomes 
dorsal to it, accompanied by the tibial nerve, 
which is superf cial to the vessels (f gure 3.26). 
The common fbular nerve passes over the 
medial border of the belly of the biceps femoris 
muscle. Most of the time, the small saphenous 
vein perforates the popliteal fascia and drains 
into the popliteal vein. 


leg 


In the anterior leg region, the medial aspect has 
a lack of muscles, as this corresponds with the 
medial surface of the tibia, whereas anterolater- 
ally an anterior and a lateral compartment are 


MD) | 





FIGURE 3.26 =» Image of a dissection of the posterior 
region ofa left knee. The common fibular nerve (1) is 
observed over the border ofthe biceps femoris muscle 
tendon (BF), the tibial nerve (2), the popliteal vein (3) 
and the popliteal artery (4). The semimembranosus 
muscle (SM) extends its tendon, forming the deep pes 
anserinus, and the tendons of the muscles that form 
the superficial pes anserinus (*), semitendinosus (ST), 
gracilis (G) and sartorius (S). The gastrocnemius is 
also distinguished, with its lateral (GL) and medial 
(GM) heads. Orientation: p, proximal; m, medial. (Cour- 
tesy of Drs. JR. Safitudo, F. Valderrama, T. Vazquez and 
E. Maranillo). 


described. The muscles of the anterior compart- 
ment are tibialis anterior, extensor hallucis 
longus and extensor digitorum longus, and their 
main anatomical relations are with the anterior 
tibial artery and the deep fbular nerve, which 
have a common course, immediately ventral to 
the interosseous membrane of the leg, in the 
interstitium that is found between the tibialis 
anterior muscle and the extensor digitorum 
longus proximally, and the tibialis anterior and 
the extensor hallucis longus from the middle 
third of the leg towards distal. 

Apart from the three muscles already 
described, 90% of the population also present 
the f bularis tertius, which is found lateral to the 
extensor digitorum longus.* The lateral com- 
partment contains the f bularis longus and brevis 
muscles. The muscle belly of the f bularis longus 
occupies the proximal two-thirds of the com- 
partment, whereas the f bularis brevis, which is 
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found deep to the longus, occupies the two distal 
thirds. Between both muscles and the anterior 
crural intermuscular septum, the superf cial 
fbular nerve is found. This runs approximately 
until the confluence of the middle and distal 
third of the leg, where it becomes epifascial and 
heads towards the dorsum of the foot. At this 
point the nerve fnally divides into its terminal 
branches, the medial and intermediate dorsal 
cutaneous nerves. The lateral compartment 1s 
separated from the deep plane of the posterior 
leg muscles only by the posterior crural inter- 
muscular septum. 

T he muscles of the posterior compartment of 
the leg are divided into a superf cial and a deep 
plane (f gure 3.27). The superf cial plane is made 
up of the triceps surae muscle, constituted of the 
medial and lateral gastrocnemius and the soleus, 
as well as the plantaris muscle. The deep plane, 
from medial to lateral, contains the flexor digi- 
torum longus, the tibialis posterior and the flexor 
hallucis longus. Between both muscle planes 
runs the vasculonervous bundle, which is formed 





FIGURE 3.27 =» Image of a dissection of the posterior 
region ofa left leg. The calcanealtendon (TC) has been 
dissected in order to displace the superficial muscles: 
medial gastrocnemius (GM) and soleus (S), distin- 
guishing: the fibular artery (1), deep to the flexor hal- 
lucis longus (FHL), the tibial nerve (2) over the tibialis 
posterior muscle (TP) and the posterior tibial artery (3) 
and the flexor digitorum longus (FDL). Orientation: 
p, proximal; m, medial. (Courtesy of Drs. JR. Safiudo, 
F. Valderrama, T. Vazquez and E. Maranillo). 


by the posterior tibial artery and the fbular 
artery, together with the tibial nerve. The pos- 
terior tibial artery and the tibial nerve, after 
having ventrally crossed the popliteal muscle, 
pass deep to the tendinous arch of the soleus and 
then run ventral to it over the tibialis posterior 
muscle, in the proximal third, and just between 
the flexor digitorum longus and the flexor hal- 
lucis longus muscles in the two distal thirds. The 
fbular artery, a branch from the posterior tibial 
artery, lies laterally over the tibialis posterior 
muscle and is covered by the flexor hallucis 
longus muscle. Epifascially, in the posterior 
aspect of the leg, the small saphenous vein 
courses vertically along the posterior midline on 
the surface of the leg, and is accompanied proxi- 
mally by the medial sural cutaneous nerve and 
distally by the sural nerve; medially, the great 
saphenous vein ascends accompanied by the 
saphenous nerve. 


Ankle 


The anterior ankle region contains all the 
tendons of the extensor muscles which head 
towards their insertions covered by their syno- 
vial sheaths and which pass under the inferior 
retinaculum of the extensor muscles. From 
medial to lateral are the tendon of the tibialis 
anterior, the tendon of the extensor hallucis 
longus, the four tendons of the extensor digito- 
rum longus, and, most often, the tendon of the 
fbularis terttus as the most lateral structure. 
Between the tendon of the extensor hallucis 
longus and the tendon for the second toe of the 
extensor digitorum longus runs the dorsal artery 
of the foot (dorsalis pedis artery), accompanied 
by the medial terminal branch of the deep f bular 
nerve. The anterolateral malleolar artery passes 
in front of the lateral malleolus, over the territo- 
ries that correspond with the anterior talof bular 
ligament and the lateral aspect of the tarsal sinus. 
The saphenous veins run epifascially; the great 
saphenous vein is highly visible, ventral to the 
medial malleolus, whereas the small saphenous 
vein is observed behind the lateral malleolus. 
The posterior ankle region contains the 
malleolar regions, or retromalleolar regions, 
and the calcaneal tendon (Achilles tendon). 
The medial retromalleolar region contains the 
so-called tarsal tunnel (in analogy with the carpal 
tunnel, as it is an osteof brous canal), formed by 
the flexor retinaculum and the tibia, talus and 
calcaneus bones. Immediately behind the tibial 
malleolus, the tibialis posterior muscle tendon 1s 
found, followed by the tendon of the flexor digi- 
torum longus, and the posterior tibial artery with 
its comitans veins, the tibial nerve, and, the most 
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posterior element, the tendon of the flexor hal- 
lucis longus.*° All the tendons are found within 
their synovial sheaths. 

The content of the lateral retromalleolar 
region includes the tendons of the fbularis 
longus and brevis muscles, each with its respec- 
tive synovial sheaths, that of the longus covering 
the brevis proximally, and becoming posterior to 
it as it goes distal. In the posterior ankle region, 
the prominence of the calcaneal tendon stands 
out, covered by the skin, the leg fascia and its 
epitenon.’’ The space between the tendon and 
the articular plane is f lled distally with a fat pad 
(Kager’s fat pad), in a way that is similar to the 
infrapatellar fat pad. In the enthesis with the 
calcaneus the calcaneal synovial bursa is found. 


Foot 


In the foot, two regions are distinguished: a 
dorsal region, or dorsum of the foot, and a 
plantar region, or sole. Epifascially, in the dorsum 
of the foot it is fairly easy to visualize the dorsal 
venous network, with the dorsal venous arch. 
This is continued with the medial and lateral 
marginal veins, origin of the great and small 
saphenous veins, respectively. On a subfascial 
layer, the dorsal artery of the foot (dorsalis pedis 
artery) is palpable between the tendon of the 
extensor hallucis and the tendon for the second 
toe of the extensor digitorum longus. From a 
muscular point of view, the dorsum is composed 
of a single muscle, the extensor digitorum brevis 
and hallucis brevis, deep to which pass the lateral 
tarsal artery and the branches of the deep f bular 
nerve which innervates it. On a deep plane we 
also fnd the dorsal metatarsal arteries in all the 
interosseous spaces, together with the cutaneous 
branch of the deep fbular nerve in the frst 
space. 

The sole of the foot presents a thick skin 
which is f rmly joined to the subcutaneous layers 
(as occurs with the palm of the hand) and a 
unique subcutaneous structure with fat tissue 
found within cells of very dense and frm con- 
nective tissue that extends from the dermis to 
the plantar fascia. These fat cells are extremely 
vascularized and are particularly thick in order 
to absorb the pressures of the body weight ade- 
quately. On the superfcial plane the plantar 
fascia is found; this is a dense and strong struc- 
ture over which numerous superf cial vascular 
and nervous branches of the medial and lateral 
plantar arteries and nerves surface, especially 
over the lateral border of the abductor hallucis 
muscle and its tendon, the medial plantar nerve 
and the superf cial branch of the medial plantar 
artery. 





FIGURE 3.28 = Plantar view of the dissection of a left 
foot. The plantar aponeurosis (AP) has been distally 
sectioned and removed to allow a view of the first 
muscle plane, which contains the abductor hallucis 
(ABH), the flexor digitorum brevis (FDB) and the 
abductor digiti minimi (ABDM). The common plantar 
digital nerves and arteries (1) can be distinguished. 
Orientation: d, distal; m, medial. (Courtesy of Drs. JR. 
Safudo, F. Valderrama, T. Vazquez and E. Maranillo). 


Deep to the plantar fascia there are four mus- 
cular planes. The most superf cial contains the 
flexor digitorum brevis (f gure 3.28). The second 
plane contains the abductor hallucis medially 
and, laterally, the abductor digiti minimi, and 
between both muscles the quadratus plantae or 
flexor accessorius is found and, distal to this, the 
tendons of the flexor digitorum longus with the 
lumbrical muscles lying in between. Between 
this second plane and the frst, from medial and 
posterior towards lateral and anterior, the lateral 
plantar vasculonervous bundle courses in rela- 
tion to the medial border of the abductor digiti 
minimi. The contents of the third plane, from 
medial to lateral are: the flexor hallucis brevis, 
with its medial and lateral heads, and between 
these, the tendon of the flexor hallucis longus; 
the adductor hallucis, with its oblique head, par- 
allel to the second metatarsal and the transverse 
head, found immediately plantar to the heads of 
the second to ffth metatarsal; and, fnally, the 
flexor digiti minimi, the most lateral of all, over 
which the superf cial branch of the lateral plantar 
nerve courses. The fourth and deepest plane 
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contains the plantar and dorsal interossei muscles 
and the opponens digiti minimi muscle. The 
deep plantar vasculonervous bundle passes over 
the plantar interosse1 muscles, and divides into 
the plantar metatarsal arteries.** 


3.6.3 Areas of vasculonervous 
conflict and anatomical landmarks 


In order to locate the exact path of the sciatic 
nerve in the gluteal region accurately, we must 
frst identify three bony landmarks: the posterior 
superior iliac spine, the ischial tuberosity and the 
greater trochanter. A line joins the posterior 
superior iliac spine with the ischial tuberosity; 
another line joins the greater trochanter and the 
ischial tuberosity. The bisection of both lines 
upon the surface of the gluteal region represents 
the course of the sciatic nerve and is oblique 
from proximal and medial to distal and lateral. 
T he emergence of the superior gluteal vasculon- 
ervous bundle, above the piriformis muscle, can 
be found reasonably well in the confluence of the 
superior third and the middle third of the line 
that joins the posterior superior iliac spine with 
the ischial tuberosity. From this point, it is dis- 
tributed between the gluteus medius and minor, 
reaching to the tensor fascia latae muscle. An 
important reference in this region is the ventro- 
gluteal area (von Hochstetter triangle), which is 
considered a security area for intramuscular 
injections.” 

The pathway of the sciatic nerve along the 
thigh is indicated by vertically prolonging the 
point of exit of the nerve from the gluteal region, 
and tracing a line to the superior angle of the 
popliteal fossa. The continuation of this vertical 
line through the centre of the popliteal fossa 
represents the position of the tibial nerve, 
whereas the common f bular nerve continues the 
line of the biceps femoris tendon. In the tarsal 
tunnel, immediately behind the tibial malleolus, 
the tendon of the tibialis posterior muscle is 
found, followed by the tendon of the flexor 
digitorum longus and, in turn, followed by the 
posterior tibial artery, the tibial nerve and the 
tendon of the flexor hallucis longus muscle, 
which is the most posterior and deep element. 
The lines for the deep fbular nerve and the 
anterior tibial artery go from the medial aspect 
of the head of the f bula to a midpoint between 
both malleoli. The dorsal artery of the foot is 
palpable between the tendon of the extensor hal- 
lucis and the tendon of the second toe of the 
extensor digitorum longus.'! 

The femoral artery in the femoral triangle is 
found in the midpoint between the anterior 
superior iliac spine and the pubic tubercle. One 


fnger width on each side of the artery location, 
the femoral nerve is found laterally while the 
femoral vein is found medially.'' 


3.6.4 Approaches for structures and 
key sites used during 
puncture techniques 


We shall continue with a description of the 
puncture approaches of the most relevant ana- 
tomical structures and those that present the 
most diffculty during the minimally invasive 
procedures of daily clinical practice. 

¢ Gluteus medius and minor: 

° position: contralateral decubitus, 80° hip 
flexion and 90° knee flexion. 

¢ location: beneath the iliac crest (three 
fnger widths, approximately) along its 
length. 

° procedure: puncture using a flat palpa- 
tion technique, inserting the needle per- 
pendicular to the muscle, in the direction 
of the crest and searching for the MTrP 
or the motor point. 

¢ Psoas major and iliacus muscle: 

° position: supine, slight hip and knee 
flexion to relax the muscle (a component 
of maximal external rotation is added for 
the approach to the psoas major tendon 
in order to improve its accessibility for 
the insertion). 

¢ location: psoas major: pathway in the 
muscle towards the lesser trochanter; 
tendon of the iliopsoas: lesser trochanter; 
iliacus: pathway from the proximity of 
the anterior superior iliac spine towards 
cranial. 

° procedure: puncture using a flat palpa- 
tion technique, inserting the needle 
lateral to the vasculonervous bundle 
located in the femoral triangle (one 
fnger width lateral to the femoral artery) 
and medial to the sartorius muscle, per- 
pendicular to the thigh, searching for the 
MTrP or motor point, or the insertion of 
the tendon on to the lesser trochanter. 

¢ Pectineus muscle: 

° position: supine, slight abduction, flexion 
and external rotation of the hip. 

¢ localization: superior one-third of the 
muscle, deep to the femoral triangle. 

° procedure: puncture using a flat palpa- 
tion technique, inserting the needle 
medial to the vasculonervous bundle 
found in the femoral triangle (one fnger 
width medial to the femoral artery) and 
lateral to the adductor longus muscle, 
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perpendicular to the thigh, searching for 
the MTrP or motor point. 


e Vastus medialis muscle: 


° position: supine. 

° location: along the muscle length, nor- 
mally in the proximal and medial por- 
tions (four fnger widths cranial to the 
base of the patella and two fnger widths 
towards medial). 

° procedure: puncture using a flat palpa- 
tion technique, inserting the needle per- 
pendicular to the thigh, searching for the 
MTrP or motor point. 


¢ Vastus lateralis muscle: 


° position: supine. 

¢ location: multiple points in the muscle 
along the lateral margin of the thigh. 

° procedure: puncture using a flat palpa- 
tion technique, inserting the needle per- 
pendicular to the thigh, but with a slight 
tilt towards anterior in order to avoid 
entering into the ischiocrural muscula- 
ture, searching for the MTrP or motor 
point. 


e Rectus femoris muscle: 


° position: supine. 

¢ location: superior one-third of the 
muscle, close to the anterior inferior iliac 
spine. 

° procedure: puncture using a flat palpa- 
tion technique, inserting the needle per- 
pendicular to the muscle, searching for 
the MTrP or motor point. 


¢ Tendon of the adductor longus muscle: 


° position: supine, slight abduction, flexion 
and external rotation of the hip. 

¢ location: insertion on to the pubic 
ramus. 

° procedure: puncture using a flat palpa- 
tion technique (although a pincer grip 
can also be used), inserting the needle 
in a medial and cranial direction, search- 
ing for the enthesis (feel a hard bony 





end with the tip of the needle). An intra- 
tendon trajectory is recommended in 
order to avoid accessing delicate areas 
(e.g. pudendal canal, spermatic cord). 


e Femoral nerve: 


° position: supine, slight hip abduction, 
flexion and external rotation. 

¢ location: connective tissue that sur- 
rounds the nerve. 

° procedure: puncture using a flat palpa- 
tion technique, approximately 2 cm 
lateral to the artery, inserting the needle 
with a 30-45° orientation in the cranial 
direction. 


¢ Medial collateral ligament: 


° position: supine, slight abduction, flexion 
and external rotation of the hip with the 
knee slightly flexed (alternatively, knee 
and hip flexed at 90° and foot supported 
on the plinth). 

¢ location: proximal attachment of the 
deep medial collateral ligament.” 

* procedure: puncture using a flat palpa- 
tion technique, inserting the needle 
perpendicular to the femoral condyle, 
searching for the area of interest. 


¢ Patellar ligament: 


° position: supine, knee slightly flexed 
(wedge underneath the knee). 

¢ location: intra-tendon at the proximal 
level together with the deep interphase 
— Hoffa’s fat pad and body of the tendon; 
distal insertion on the tibia. The super- 
f cial interphase is not usually affected. 

¢ procedure: proximal intratendon 
approach on the inferior patellar pole or 
tendon body, inserting the needle with a 
45° orientation from caudal to cranial 
(f gure 3.29); deep interphase — H offa’s 
fat pad: lateral approach (to avoid the 
saphenous nerve), inserting the needle 
perpendicular to the tendon below it 
(f gure 3.30). Distally, the approach is 





Patellar ligament 
Inferior patellar pole 


Patella 


e102 410 


FIGURE 3.29 = Patellar ligament: proximal approach over the tendon. 
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Deep interphase Infrapatellar fat pad [Hoffa's fat pad] 


FIGURE 3.30 = Patellar ligament: lateral approach over the deep interphase (deep paratendon — Hoffa’s fat pad). 


performed over the most degenerated 
point, with a 45° orientation from cranial 
to caudal. 


¢ Gastrocnemius muscle: 


position: prone, knee slightly flexed 
(wedge underneath leg). 

location: normally in the proximal one- 
third of the medial gastrocnemius. 
procedure: puncture using a flat palpa- 
tion technique, inserting the needle per- 
pendicular to the muscle, searching for 
the MTrP or the motor point. 


¢ Soleus muscle: 


position: contralateral decubitus (cranial 
location), knee slightly flexed; homola- 
teral decubitus (caudal location), knee 
slightly flexed; or in prone. 

location: cranial-lateral one-third and 
caudal-medial. 

procedure. puncture using a flat palpa- 
tion technique, inserting the needle par- 
allel to the muscle (medial approach 
— caudal location; lateral approach — 
cranial location) searching for the MTrP 
or the motor point. If performed in 
prone, insertion of the needle is per- 
formed with the needle perpendicular to 
the muscle. 


¢ Popliteus muscle: 


position: homolateral decubitus, knee 
slightly flexed; or in prone. 

location: central part of the muscle. 
procedure: using one hand, the therapist 
displaces the medial gastrocnemius later- 
ally; with the other hand a flat puncture 
is performed, inserting the needle paral- 
lel to the leg, deep to the medial gastroc- 
nemius and right next to the posterior 
border of the tibia, searching for the 
MTrP or motor point. If performed in 
the prone position, a flat puncture is per- 
formed, inserting the needle in the most 


lateral part of the medial gastrocnemius, 
perpendicular to the muscle. 


¢ Achilles tendon: 
° position: prone. 
¢ location: superf cial interphase — superf - 


cial fascia — epitenon; tendon body; deep 
interphase — Kager’s fat pad. 

procedure: superfcial interphase: the 
therapist uses one hand to hold the skin 
using a pincer grip, and with the other 
hand the needle is inserted almost paral- 
lel to the leg; body of the tendon: intra- 
tendon approach, inserting the needle 
with a 40-45° orientation, searching for 
the degenerative or fbrous tissue; deep 
interphase: medial approach (to avoid 
the sural nerve in a lateral approach), 
inserting the needle perpendicular to the 
tendon from medial to lateral, searching 
for the degenerative or f brotic tissue. 


¢ Plantar fascia: 


position: homolateral 
decubitus. 

location: insertion in the medial calca- 
neal process, subcalcaneal bursa and 
medial and lateral periostic zone of the 
calcaneus. 

procedure: enthesis: the needle is inserted 
with a 45° inclination in a lateral, poste- 
rior and cranial direction, searching for 
the affected tissue (f gure 3.31). The sub- 
calcaneal bursa is approached perpen- 
dicular to the calcaneus in its central 
part. The medial and lateral periostic 
zone is reached with a 30° needle inser- 
tion over the painful area. 


prone’ or 


¢ Adductor hallucis muscle: 


position: homolateral decubitus. 
location: different points of the muscle 
along its medial border. 

procedure: puncture using a flat palpa- 
tion technique, inserting the needle with 
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FIGURE 3.31 = Plantar fascia: lateral approach over enthesis. 


a 45° orientation from medial to lateral 
and from dorsal to plantar, searching for 
the MTrP or motor point. 

¢ Talocrural joint: 

° position: prone (posterolateral approach), 
supine, with the knee flexed to 90° and the 
foot supported on the stretcher (antero- 
medial and anterolateral approaches). 

¢ location: anterior capsule, anterolateral 
capsular recess — anterolateral ligament 
complex, posterior capsule. 

° procedure: posterolateral approach: next 
to the lateral border of the Achilles, in 
the triangular space between the Achilles 
tendon and the tendons of the fbularis 
muscles, the needle is inserted in an 
anterior and medial direction in search 
of the fbrotic tissue; anteromedial 
approach: 5 mm distal to the joint, just 
medial to the tendon of the tibialis ante- 
rior muscle, the needle is inserted per- 
pendicular to the leg; anterolateral 
approach; 5 mm beneath the joint line, 
just lateral to the tendons of the extensor 
digitorum muscle, inserting the needle in 
a medial, posterior and cranial direction, 
searching for the f brotic tissue. 
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4.1 PHYSIOTHERAPY AND 
MUSCULOSKELETAL ULTRASOUND 


Musculoskeletal ultrasound (MSK-US) is a tech- 
nique in constant evolution and development. It 
is a tool that is growing in popularity and fast 
gaining importance in daily clinical practice, 
both in diagnosis (as an extension of the physical 
examination) as well as treatment. This tech- 
nique is used by a range of health professionals, 
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such as radiologists, gynaecologists, sports medi- 
cine specialists, emergency medicine physicians, 
rheumatologists, podiatrists, anaesthetists and 
physiotherapists, among others. 

Depending on the information and objectives 
sought, the use of ultrasound varies between 
professionals. From the perspective of physio- 
therapy, ultrasound is a very useful tool with 
several advantages.’ For example, it provides an 
objective, dynamic, fast, effective, comparative 
and innocuous study (due to the absence of radi- 
ation) of musculoskeletal tissue in real time, 
which makes it useful from teaching, clinical 
and research perspectives. However, there are 
debatable issues, such as the scope of practice 
and the specifc role this new tool can play in 
clinical physiotherapy practice, as well as its lim1- 
tations. In spite of this, the primary considera- 
tion should be to improve the quality of care 
provided to the patient in the current economic 
health situation. 
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Although MSK-US has been used by the 
medical collective since 1950, its application in 
physiotherapy began in the 1980s with the 
work of Dr Archie Young, a physicist at Oxford 
University who included physiotherapists within 
his research team.” In 1998 Wayne W Gibbon° 
stated: 


it would appear to be logical that either the 
ultrasound investigation should be performed by 
a radiologist with appropriate diniacal ... or a 
dinidan/physiotherapist with appropriate 
ultrasound training and experiene ... 
musculoskeletal ultrasound systems currently 
being developed are being aimed at the 
rheumatology, orthopaedic, sports’ medicine and, 
possibly, physiotherapy markets. 


Although the use of MSK-US as a tool in physi- 
otherapy dates back several years, its widespread 
adoption into clinical practice is only beginning 
to emerge. 

The use of MSK-US in the rehabilitation of 
neuromusculoskeletal disorders has been called 
rehabilitative ultrasound imaging (RUSI) and 
was def ned by Teyhen in 2006° as: 


a procedure used by physical therapists to 
evaluate muscle and related soft tissue 
morphology and function during exerdse and 
Physical tasks. RUS is used to assist in the 
application of therapeutic interventions aimed 
at improving neuromuscular function. T his 
indudes providing feedback to the patient 

and physical therapist to improve diniaal 
outcomes. 


From 2008, physiotherapists have also used MSK- 
US during invasive techniques, such as percuta- 
neous needle electrolysis techniques which are 
performed under ultrasound guidance.’ 
Thanks to their knowledge of clinical and 
topographic anatomy and clinical examination, 
physiotherapists have seized the opportunities 
available to request and interpret imaging. They 
have undertaken advanced university and private 
institutional training courses combined with 
tutoring in a clinical setting as part of their con- 
tinuing professional development. In Australia 
and the UK, there are specif c programmes, such 
as those organized by Sports Medicine Ultra- 
sound Group (courses taught by the physio- 
therapists Chris Myers and Rob Laus) or by 
the Dynamic Ultrasound Group Association 
of Physiotherapists using Ultrasound imaging, 
promoted by scientifc associations (Australian 
Physiotherapy Association and Chartered 
Society of Physiotherapy) for their members, 


and developed at the universities of Queensland, 
Sydney and Southampton. In the USA, special- 
ized training is offered in the form of postgradu- 
ate programmes offered by private entities. In 
Spain, the use of MSK-US in the physiotherapy 
collective is relatively new (since 2008 courses 
have been taught by the physiotherapists Jacinto 
Martinez-Paya and Ana de Groot-Ferrando). 
Currently, the Spanish Association of Physio- 
therapists, as well as several universities (such 
as the University of Alcala de Henares and 
the CEU San Pablo University in Madrid) 
and private institutions (such as MVClinic®, 
Khronos Fisioterapia® or Fisiodocent®), offer 
different levels of training in MSK-US for physi- 
otherapists. Furthermore, in 2013, the Spanish 
Society of Ultrasound (a member of the Euro- 
pean Federation of Societies for Ultrasound 
in Medicine and Biology) has_ specif cally 
expressed its support of the spread of ultrasound 
training to superior university graduates in all 
the biomedical sciences.* In other European 
countries, such as Portugal or Italy, physiothera- 
pists are starting to train in MSK-US through 
private training programmes (for example, those 
organized by the Master Physical Therapy® 
company). 


4.2 SCOPE OF PRACTICE: 
MUSCULOSKELETAL ULTRASOUND 
IN PHYSIOTHERAPY PROCESS 


When considering the legal medical liability 
situation for diagnostic/therapeutic errors based 
on MSK-US performed by health professionals, 
the situation is slightly unclear as soon as one 
goes beyond the traditional radiology depart- 
ment. The scope of practice in physiotherapy is 
dynamic, evolving together with changes in the 
evidence base, as well as the policy and the 
patient’s needs. The physiotherapy scope of 
practice varies from jurisdiction to jurisdiction, 
and depends on specif c licensing guidelines and 
professional regulations. The World Confedera- 
tion for Physical Therapy (WCPT) recognizes 
the diverse social, political and economic envi- 
ronments in which physiotherapy is practised 
throughout the world. On another front, the 
European region of the WCPT has adopted a 
series of European Core Standards of Physio- 
therapy Practice; however, specifc national 
standards for physiotherapy practice still reflect 
the unique situation of each country.’ 

In a report from the College of Physical 
Therapists of British Columbia (Canada), a 
generic def nition regarding the use of MSK-US 
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by physiotherapists has been proposed that 
encompasses current clinical use. This includes 
‘applications that result in a physical diagnosis of 
the structure or movement characteristics of 
muscles and/or nerves in relation to adjacent 
structures’. 

According to the World Health Organization, 
physiotherapy is ‘the art and science of treatment 
through therapeutic exercise, heat, cold, light, 
water, massage and electricity’. Furthermore: 


physiotherapy indudes the performance of electric 
and manual tests in order to determine the value 
of the affectation and musde strength, tests to 
determine the functional capadcties, the range of 
artiailar movement and measures of vital 
capaaty, as well as diagnostic aids for the control 
of evolution." 


The WCPT clearly verif es that the recovery of 
movement dysfunction and specif cally dysfunc- 
tion of the neuromusculoskeletal system is within 
the scope of the physiotherapy profession. It also 
confrms that a physiotherapist is qualifed to 
establish a physiotherapy diagnosis, determine 
an individuals’ movement potential and plan 
and implement programmes, using specialized 
knowledge, skills and tools, for the prevention or 
treatment of movement dysfunction.” On the 
other hand, the International Society for Elec- 
trophysical Agents in Physical Therapy def nes 
electrophysical agents (EPAs) as the use of elec- 
trophysical and biophysical energy for the pur- 
poses of evaluation, treatment and prevention of 
impairments, activity limitations and participa- 
tion restrictions. Two important points are high- 
lighted in this chapter: 
¢ Evaluation procedures involving EPA 
include (but are not limited to) ultrasound 
imaging and_ electro-neurophysiological 
testing in order to assist with physiotherapy 
diagnosis, guide treatment procedures and 
evaluate treatment outcomes. 
¢ Treatment procedures involving EPA 
include (but are not limited to) the use of 
electromagnetic, acoustic and mechanical 
energies to produce biophysical effects at 
cellular, tissue, organic and whole-body 
levels in order to achieve physiological and 
clinical effects which serve to maintain and 
optimize health." 
In this context, MSK-US is inherent to 
the process of care in physiotherapy and facili- 
tates the decision making of physiotherapists 
within their own autonomous practice, for the 
purposes of assessment, diagnosis, prognosis/ 
planning, intervention and re-examination”? '° 
(table 4.1). 


TABLE 4.1 The use of musculoskeletal 
ultrasound imaging during 
physiotherapy procedures 
gives professionals 
the opportunity to 
do the following 





Visualize the structure and 
function of the muscle, 
tendon, ligament and nerve 
via static and dynamic tests 
Obtain objective soft-tissue 
measurements 


Assessment 


Diagnosis Assess and implement the 
best training and 
physiotherapy techniques for 
each individual 


Determine the prognosis 


Planning ¢ Establish treatment aims 

Provide information on the 

Characteristics of the tissue 

(i.e. inflammatory or 

degenerative conditions) 

« Determine the number or 
sessions or the type of 
treatment to be carried out 


Intervention ° Give direct, real-time visual 
feedback to patients during 
active tasks 

Educate patients on their 
specific muscle dysfunction 
Have a tool for guidance 
during minimally invasive 
procedures 


Reassessment ¢ Monitor progress in 
rehabilitation to ensure that 
any changes to treatment are 
made at the optimum times 
Reconfigure the 
physiotherapy approach 


4.2.1 Assessment 


In the examination of individuals with actual 
or potential impairments, activity limitations, 
participation restrictions or abilities/disabilities, 
MSK-US offers the physiotherapist a variety of 
options. It enables direct visualization of the 
structure and function of the muscle, tendon, 
ligament and nerve via static and dynamic tests 
(real-time images). The static morphological 
measurements include assessment of the size, 
shape and structure of the tissue under study 
(video 4.1) in both healthy and pathological Gq 
tissues.'"'’ In contrast, the dynamic measures 
are techniques in real time that offer knowledge 
regarding changes in muscle length. For example: 
(1) the sliding capacity of the subscapularis 
muscle in a patient with limited internal rotation 
of the glenohumeral joint (video 4.2); (2) muscle 
activity, for example, activity of the supraspinatus 
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muscle in a patient with diff culty stabilizing the 
glenohumeral joint, or the extensor carpi radialis 
brevis muscle in a patient with pain on the lateral 


epicondyle (video 4.3); and (3) the tendon func- 


tion, for example distal attachment of the biceps 


brachii muscle on radial tuberosity (video 4.4). 


Another application of MSK-US in physio- 
therapy is assessment of the morphology and 
function of the muscle and the remaining soft 
tissues related to the muscle during exercise and 
different functional tasks, for example, dynamic 
assessment of the function of the pelvic floor 
muscles, both from a transperineal as well as a 
transabdominal perspective. T his provides infor- 
mation regarding the stabilizing function of these 
muscles, measuring their action of elevation of 
the neck and base of the bowel via different 
manoeuvres.'’*’ This also incorporates assess- 
ment of the activity of the muscles of the abdomi- 
nal wall, external oblique, internal oblique, 
transversus abdominis~” ~ and lumbar multif dus 
muscles in patients with low-back pain.*°~* 

Moreover, it is possible to carry out ultrasound- 
guided palpation to correlate with clinical f nd- 
ings, for example, palpation of the Achilles 
tendon in areas of pain and point tenderness 
while the tendon is visualized with ultrasound 


(video 4.5). 


Lesion 
trauma 
illness 


Impairments 


- Decreased extensibility 
of tendon of BCRB 
muscle, etc. 

- Decreased joint range 
in elbow extension 


“Tennis elbow” '; 
i| - Radial nerve dysfunction 


etc. 


- Motor control alterations 


Medical 
diagnosis 


Medical 
treatment 
Drugs, surgery, 
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Physical therapy 
intervention 


Physical agents 


As with any form of diagnostic imaging, the 
idea is not to supersede the physical exam, but 
to enhance the quality of the physiotherapy diag- 
nosis process in general. 


4.2.2 Physiotherapy diagnosis 


In physiotherapy, diagnosis'”'®”’ is the result of 


a process of clinical reasoning that results in 
identif cation of existing or potential impair- 
ments, activity limitations, participation restric- 
tions, environmental influences or abilities/ 
disabilities of the individual and the analysis of 
function. This differs from the medical diagno- 
sis, based on the organic and anatomopatholog- 
cal analysis of the illness, the lesion or the 
trauma. These are, therefore, complementary 
elements arising from different bodies of knowl- 
edge that make it possible to determine the 
prognosis and improvements together with the 
most appropriate treatment strategies, depend- 
ing on the professional (f gure 4.1). The purpose 
of the diagnosis is to guide physiotherapists 
in determining the prognosis and the most 
appropriate intervention strategies and to inform 
patients.”” Nowadays, it is well known that the 
medical diagnosis of altered tissue morphology 
based on the interpretation of imaging studies is 


Activity 


Participation 


limitations restrictions 


contexts, etc. 


etc. 
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FIGURE 4.1 = Conceptual framework — physiotherapy. ECRB, extensor carpi radialis brevis; ECRL, extensor carpi 
radialis longus; EDC, extensor digitorum communis. (Adapted from the ICF 2001 by Minaya & Valera 2010°°). 
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outside the scope of practice available to 
physiotherapists. 

Traditionally, during the process of physio- 
therapy diagnosis, the physiotherapist has 
included, within the physical exam, manual and 
instrumental tests that have enabled the assess- 
ment of structure and function of the individual 
(for example, the Lachmann test provides infor- 
mation regarding stability of the knee). Cur- 
rently, this information can be complemented 
with instrumental tests, such as MSK-US or 
electromyography. So, in the same way that a 
goniometer is employed differently by different 
healthcare professionals during their daily 
clinical practice and, depending on the informa- 
tion sought, their level of training and knowl- 
edge, MSK-US is simply an important tool for 
physiotherapy diagnosis and should be viewed 
as such. 

The Chartered Society of Physiotherapy has 
developed a series of evidence-based clinical 
guidelines that highlight the importance of 
ultrasound in helping to establish a diagnosis for 
shoulder impingement. MSK-US 1s a relevant 
tool in physiotherapy diagnosis owing to its 
safety, convenience and comparatively low cost 
in comparison to radiography and magnetic res- 
onance imaging (MRI).”' 


KEY POINTS 








The physiotherapist must use all the tools 
available (manual and instrumental) in order 
to reach a precise physiotherapy diagnosis that 
enables improvement of the quality of care and 
results achieved. 


KEY POINTS 





Physiotherapy diagnosis is aimed at the analysis 
of function. Today, the physiotherapy diagnosis 
is a reality that is necessary for advancement of 
the profession, recognized by the WCPT, and 
legally acknowledged by existing legislation. 





a 





4.2.3 Treatment planning 


Treatment planning, within the process of physi- 
otherapy care, refers to the establishment of 
aims, including measurable outcome goals nego- 
tiated in collaboration with the patient/client, 
family or caregiver.”’ In this sense MSK-US can 
help the decision-making process by providing 
information regarding the characteristics of the 
tissue (i.e. inflammatory or degenerative condi- 
tions) and determining the number of weekly 


sessions or the type of treatment to be per- 
formed, or, if a red flag is detected, by referring 
the patient to another healthcare professional. 
Along these lines, a collaborative study between 
emergency medicine physicians and physiother- 
apists indicated that MSK-US may also be valu- 
able in small sports medicine clinics and on 
match days, when other imaging techniques are 
not available. In these settings ultrasound has 
been found to be useful for helping to rule out 
fractures following ankle or foot sprains.” 


4.2.4 Intervention 


The ultrasound image provides feedback for the 
patient while working with different active strat- 
egies, such as those used to improve motor 
control of the abdominal muscles and recruit- 
ment of the trunk muscles in musculoskeletal 
dysfunctions where these muscles are involved, 
for example, patients suffering from chronic 
lumbopelvic pain.>* 

Other applications of MSK-US in physio- 
therapy, recently developed in the felds of 
manual therapy and sports physiotherapy, include 
its use as a guiding tool in minimally invasive 
procedures, such as the percutaneous needle 
electrolysis (PN E) techniques for the treatment 
of tendinopathies (f gure 4.2)’ (see chapter 13) 
or dry needling in myofascial pain syndrome” 
(see chapter 8). In the same way that anaesthet- 
ists’ use MSK-US to guide their interventions 
and thus achieve safer and more effective anaes- 
thesia, physiotherapists use ultrasound within 
their scope of competencies in order to treat 
musculoskeletal tissue (e.g. muscle, tendon, 





FIGURE4.2 = Application ofthe ultrasound-guided PNE 
technique over the epicondyle musculature. (Colour 
version of figure is available online). 
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ligament) in a precise, effective and safe manner. 
This thus improves the results and the cost— 
benef t relation of the interventions.° 

It is essential to correlate the information 
achieved via ultrasound with the clinical f ndings 
found in the analysis of function (e.g. pain, alter- 
ation of movement pattern, motor control) as, 
on occasion, the assessment of structure reveals 
changes that are not clinically relevant. Ultra- 
sound, in a similar manner to other complemen- 
tary treatments, such as simple radiology (for 
example, in cervical rectifcation)’’ or nuclear 
magnetic resonance (for example, in spinal disc 
hernias), °°’ can determine changes in the tissue 
that are not associated with symptoms. 


KEY POINTS 


Structural analysis is a necessary practice; 
however, the information acquired is insuff - 
cient on its own to determine the therapeutic 
procedure. 


4.2.5 Reassessment 


MSK-US enables the physiotherapist to reassess 
possible changes in structure and correlate them 
with improvement in the clinical condition of 
the patient in the short, medium and long term 
in an innocuous and rapid manner. This is 
helpful in order to reconf gure the treatment 
approach if the desired objectives (aims) are not 
met, and lead to the patient’s discharge if the 
tissue characteristics have improved as well as 
quantify the effectiveness of the physiotherapy 
treatment according to the results obtained.”*°*! 


4.3 EVIDENCE-BASED 
PHYSIOTHERAP Y MODEL 


In recent years, the development of physiother- 
apy has been primarily motivated by three 
circumstances: 

1. The patient care model, which requires 
increasing the physiotherapist’ responsi- 
bility for decision making as a necessary 
element to improve results. '° 

2. The independent and responsible decision- 
making process (autonomy), currently 
considered as one of the characteristics of 
the profession.” 

3. The development of the physiotherapy 
model based on evidence.*** 

In the current environment of evidence-based 
physiotherapy, MSK-US can be a very useful 





tool. According to this model, it is imperative 
that physiotherapists be allowed access to the 
tools that can optimize the effectiveness of their 
interventions, thus allowing implementation of 
new knowledge. Likewise, it is important for the 
professional to stay up to date with any new 
technological discoveries and the use of new 
tools that can offer patients more effective and 
safer care.° 

In physiotherapy clinical practice (and in 
medicine) the professional, based on initial infor- 
mation obtained from the patient, generates 
multiple hypotheses, which are either conf rmed 
or rejected based on the new data found in the 
assessment and patient diagnosis. The aim of 
this hypothetical-deductive model*”® is to vali- 
date the information obtained from the patient 
via the assessment that must fulf 1a dual require- 
ment: be reliable and valid. In contrast to 
manual clinical tests where the procedure 1s 
clearly established, ultrasound tests are in the 
process of being standardized. As a result, the 
European Society of Musculoskeletal Radiology 
has established technical guidelines that are 
applicable to assessments (Musailoskeletal Ultra- 
sound Technical Guidelines).”’ 


4.4 ADVANTAGES 


The use of MSK-US as a new tool to be applied 
in the clinical practice of physiotherapy provides 
many important advantages. 

T he frst to benef t from MSK-US is the user/ 
patient/client, as the person is offered a physio- 
therapy programme that is more rational as 
regards the decision-making process. Also, 
MSK-US enables safer therapeutic strategies, a 
greater precision in determined techniques (for 
example, the use of percutaneous needle elec- 
trolysis (PNE) for the treatment of tendinopa- 
thies) (fgure 4.3) and, thus, improvement in 
effectiveness. 


Trochlea 


Short axis plane 


FIGURE4.3 = Visualization of the application technique 
of ultrasound-guided PNE at the interface between the 
patellar tendon and Hoffa’s fat pad (Hfp) in chronic 
patellar tendinopathy (*). 
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Secondly, physiotherapists now have a new, 
very powerful tool with which to complete the 
information gathered personally by them, and 
which can help provide objective information on 
the changes as well as increase the credibility of 
the service provided. 

Thirdly, the profession itself is benefted — 
an important aspect worth considering in 
research studies. The demand and _ interest 
in applying evidence and in developing new 
techniques for physiotherapist practice are con- 
stantly growing. 


4.5 DIFFICULTIES IN 
IMPLEMENTATION 


There are several circumstances that negatively 
impact the implementation of MSK-US in 
physiotherapy: 
¢ Training courses: until recently, physio- 
therapists have not had access to formal 
training in MSK-US. At present there 
are private companies (see section 4.1) 
that organize training courses for physio- 
therapists in various countries. There 
are also universities that have included 
in their physiotherapy degree course 
theoretical-practical contents of MSK-US 
within subjects such as ‘Assessment and 
Diagnosis in Physiotherapy’. This 1s 
designed so that future physiotherapists 
may at least appreciate the possibilities that 
this tool has to offer. Currently, however, 
more training programmes in MSK-US, 
aimed specif cally at physiotherapists, are 
necessary. 
¢ Cost: the current high cost of MSK-US 
machines makes it necessary for ultrasound 
imaging in physiotherapy to have a sub- 
stantial value. This is to improve the 
decision-making process, the results and 
cost-effectiveness of the interventions on 
behalf of the physiotherapist, so that these 
can be implemented in clinical practice. 
Otherwise, it will be a tool that can only be 
found in centres of learning and universi- 
ties (linked with research and teaching), as 
well as hospitals and leading clinics. At 
present, only several commercial brands 
(General Electric and Sonosite, among 
others) have increased their activities in the 
musculoskeletal sector in recognition of the 
great potential of MSK-US. And, further- 
more, they plan specif c campaigns targeted 
towards physiotherapists. 
¢ Capacity of producing three-dimensional 
(3D) images: together with training in 





FIGURE 4.4 = (A) Longitudinal section of the patellar 
tendon (cadaver) and (B) its correspondence with the 
ultrasound image in a live subject. (Colour version of 
figure is available online). 


MSK-US, the professional must be able to 
‘see the image’ in two dimensions, interpret 
it and mentally transform it into a 3D 
structure for it to be useful from a clinical 
point of view (f gure 4.4). The technologi- 
cal advances in 3D ultrasound imaging 
applied to gynaecology will not take long 
to reach the musculoskeletal f eld, facilitat- 
ing visualization of the morphology. 

¢ ‘Medical tool’: there is some resistance 
(although this has gradually lessened) from 
the medical collective to letting physio- 
therapists have access to and manage 
MSK-US, mainly because the tool is con- 
sidered to be diagnostic from a medical 
point of view. The aims are different, as 
described at the beginning of this chapter, 
depending on the type of professional con- 
cerned. However, it 1s necessary to estab- 
lish practical guides for appropriate and 
safe use that respects the competencies of 
the different professionals who use ultra- 
sound. Possibly, in the future, it may be 
necessary for health boards to defne the 
use of MSK-US for the different profes- 
sionals involved in the physiotherapy care 
of the user/patient/client. 


144 PART III MUSCULOSKELETAL ULTRASOUND 


4.6 NOVEL APPLICATIONS IN 
MUSCULOSKELETAL ULTRASOUND 


Possibly, it will be a long wait before MSK-US 
gains recognition as a reference in the clinical 
physiotherapy practice. This is similar to ultra- 
sound machines being considered a common- 
place tool, as an extension of physical exploration 
and similarly to a goniometer. There is no doubt 
that MSK-US continues to be developed and 
there are increasingly more applications for 
physiotherapy, such as measurement of the joint 
position,*“? measurement of tissue elasticity 
(sonoelastography)” © (see chapters 6, 13 and 
14) or studies in 3D and 4D. All this, together 
with the development of high-frequency trans- 
ducers with great resolution and the portability 
of the machines, makes MSK-US a tool with a 
great potential and which offers physiotherapists 
an opportunity to increase the exactness of the 
physiotherapy diagnosis and interventions. 


4.7 CUNICAL CASE 


4.7.1 Ciinical correlation (f gure 4.5) 


A 42-year-old male, a policeman, right-handed, 
comes to the physiotherapy clinic with a medical 
diagnosis of re-rupture of the left rotator cuff. 
He had previously undergone surgery 2 years 
before via arthroscopy with suture of the suprasp- 
inatus and subacromial decompression, with a 
good functional result and no after effects. 

At present he suffers from pain in the anterior 
shoulder which began 5 months previously, and 
in the absence of any traumatic circumstance. 
The pain is mechanical, dull and deep, with 
slight loss of mobility at the end of the range of 
abduction and both internal and external rota- 
tion, with a good motor pattern and without loss 
of strength. He has undergone conventional 





FIGURE4.5 = Longitudinal section of the supraspinatus 
tendon. 


physiotherapy treatment (manual therapy, ultra- 
sound, laser, exercises), with poor results. Due to 
the results from the MRI (‘rupture of the 
supraspinatus tendon and associated degenera- 
tive changes’) and failure of more conservative 
treatment, the orthopaedist proposes a new sur- 
gical intervention to repair the rotator cuff and 
review the acromioplasty via open surgery. 

T he MSK-US image obtained for the analysis 
of the structure showed degenerative changes 
and a loss of continuity in the tissue compatible 
with the medical diagnosis. 


(Clinical case continued on page 489) 
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First, let me dispose of Socrates because I am sick and tired of this pretense that 
knowing you know nothing is a mark of wisdom. 
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5.1 INTRODUCTION 


The thorough knowledge of human anatomy is 
a decisive factor ensuring correct physiotherapy 
professional practice. Traditionally, physiothera- 
pists have used their hands as the ‘active’ element 
within the care process, together with other 
tools and instruments. Ultrasound is currently 
presented as a new tool that offers the possibility 
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of performing assessments and therapeutic vali- 
dation, as well as being helpful for the purpose 
of preventing possible complications and the 
avoidance of unnecessary and inadequate physi- 
otherapy treatments. 

Therefore, the aim of this chapter is to 
describe the ultrasound assessments that are 
most useful in physiotherapy by correlating 
human anatomy with the ultrasound image and 
analysing the artefacts that can distort the image, 
offering clues to their interpretation. 


KEY POINTS 


At present, ultrasound has become yet 
another working tool for the physiotherapist, 
and an essential element of correct professional 
practice. 
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FIGURE 5.1 = The ultrasound transducer can both emit 
ultrasound pulses as well as pick up those that return 
back to the skin’s surface after reflecting in the tissues, 
which occurs according to the tissue’s acoustic imped- 
ance. (Colour version of figure is available online). 


5.2 ULTRASOUND IN B MODE: 
ULTRASOUND IS MADE EASTER 
WITH THE HELP OF PHYSICS 
AND ANATOMY 


The ultrasound transducer has the capacity of 
emitting and receiving ultrasound beams (thanks 
to the piezoelectric effect) (figure 5.1). Accord- 
ing to the amount of resistance (acoustic imped- 
ance) the tissues offer towards the ultrasound 
beam, the form of the internal structures and the 
exploratory technique used, these ultrasound 
beams undergo three types of attenuation con- 
currently. These are reflection and refraction, 
which are the two main types (present in all 
ultrasonographic images), together with another 
secondary type, absorption (conversion of 
mechanical energy to heat) and almost unap- 
preciable in diagnostic ultrasound (figure 5.2), 
in contrast to what occurs in therapeutic 
ultrasound.'” 

T he prefix echo- is derived from the effect of 
the reflection of the ultrasound beam back to the 
transducer when passing through the tissues and, 
as such, this leads to an essential attenuation for 
the obtainment of an ultrasonographic image. It 
is therefore important to guarantee the greatest 
reflection possible, as this will enable the best 
resolution to be obtained. The amount of reflec- 
tion depends on the angle of tilt of the ultra- 
sound beam. Therefore, when examining the 
musculoskeletal system, the transducer is placed 
perpendicular to the direction of the fibres of the 
structure under study (figure 5.3). 





FIGURE 5.2 =» When an ultrasound beam is projected 
through a medium it suffers three main types of atten- 
uation. Above, the ultrasound beam is depicted going 
through three interphases. In the first interphase, 
some of the pulses are reflected back towards the 
transducer. In the second interphase, reflection is rep- 
resented together with refraction, which causes some 
ultrasound pulses to undergo a change in direction as 
they change their velocity of transmission. Finally, in 
the third interphase, reflection, refraction and absorp- 
tion (shown in black) are represented, as part of the 
ultrasound beam is transformed into thermal energy. 
(Colour version of figure is available online). 


90° 








FIGURE 5.3 = Lateral view of the transducer highlight- 
ing the perpendicularity necessary to perform an 
ultrasound exploration. (Colour version of figure is 
available online). 


On the other hand, the quantity of reflection 
is also proportional to the frequency used and 
the difference in density of the structures under 
study. This is the reason why, when studying 
tissues that are both very dense and very super- 
ficial (such as the tibia, which entails working 
with a high frequency), special images appear 
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FIGURE 5.4 = Longitudinal section of the internal aspect of the tibia. Line 1 indicates the interphase between the 
skin and the subcutaneous cellular tissue, whereas line 2 signals the interphase between the subcutaneous cel- 
lular tissue and the periosteal connective tissue. Line 3 demonstrates the hyperreflective tibial cortex.This hyper- 
echoic structure is repeatedly reflected subjacent to the other structures (line 4). 


due to hyperreflection, ee as, for example, an 
image in the mirror (figure 5.4). 

Refraction takes ee cee ultrasound beams 
change their speed when going through a tissue 
interphase and therefore alter their wavelength. 
This causes a change in direction of the 
ultrasound. This phenomenon is common in 
transverse explorations of structures with an 
oval-rounded form, such as the Achilles tendon 
or the blood vessels, and is also typical for some 
fibrous strands, such as those of the deltoid 
muscle. This attenuation is ae ae an 


artefact called refractile shadowing (fig 5.5), 
which should not be confused with an aon 
shadow (figure 5.6), related to bone tissue. 


T hanks to the reflection phenomenon and its 
interrelation with the remaining possible attenu- 
ations, an ultrasound image is obtained with 
spots of varying brightness. This is the reason 
why the normal ultrasound technique 1s called B 
mode (or brightness modulation). These bright 
points are called echogenic points. The tissues 
that appear brighter (and therefore those that 
are the most echogenic) are bone and non- 
specialized connective tissue, which provide 
support to the remaining musculoskeletal struc- 
tures. The connective tissue architecture of most 
of the structures in this system is identical. T his 
explains why the tendon, ligament and nerve 
are similar in form. The basis for a correct dif- 
ferentiation between these tissues will be revealed 





FIGURE5.5 = Transverse view ofthe Achilles tendon in 
which the change in direction of the ultrasound beam 
(discontinuous lines) is visible after changing its veloc- 
ity at the interphase between the skin (S) and the 
Achilles tendon (AT), producing a refractile shadow 
(grey triangles). (Colour version of figure is available 
online). 
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FIGURE 5.6 = Longitudinal section of the external 
femoral condyle (EFC) in which the fabella is visible 
(white arrow). This is an inconsistent sesamoid bone 
found in the capsular zone of the external condyle 
which can lead to confusion with an articular loose 
body or a degenerative calcifying process. The acous- 
tic shadow is observed both on the condyle as wellas 
on the fabella. 


subsequently in this chapter. An important aspect 
to remember here is that the echogenicity of the 
tissues depends on the speed of reflection which, 
at the same time, is proportional to tissue density. 
As previously noted, the bone and non-specialized 
connective tissue are exceptional; these are very 
dense tissues that reflect ultrasound waves at a 
very high speed (in the case of bone, at 4.080 m/s). 
For the remaining tissues within the muscu- 
loskeletal system, the ultrasound waves are 
reflected at very similar speeds(1.400—1.600 m/s). 
T hese considerations, together with the required 
anatomical knowledge, are the reason why ultra- 
sound is characterized by its difficulty of inter- 
pretation and reading. The typical remark made 
by a person with no formal training who sees an 
ultrasound image is: ‘I don’t see anything; it all 
looks the same’. 
In relation to echogenicity, several terms are 
used: 
¢ Hyperechoic (-genic): very bright inter- 
phases associated with very dense or hyper- 
reflective tissues, such as the bone or the 
non-specialized connective tissue of the 
musculoskeletal system (fig 5:4): 
¢ Hypoechoic (-genic).: ea of a 
weaker prighiness. tons being alto- 
gether anechoic (figure 5.7). 
¢ Anechoic (-genic): interphases with no 
brightness at all; in other words, they 
appear black and are neither dense nor 
reflective. No information is acquired from 





FIGURE 5.7 = The bracket highlights a transverse mus- 
cular exploration in which the body of the hypoechoic 
muscle is observed, stabilized within a network of 
hyperechoic connective tissue. 





FIGURE5.8 = Ultrasound exploration ofthe hyaline car- 
tilage of the femoral trochlea (arrow) in maximal knee 
flexion. An anechoic image is observed covering the 
articular surface of the femoral trochlea. 


these structures, e.g. fluid-filled structures 
or nos belonging to the joint cartilage 
(fhigu: 8), due to the absence of echoes. 

° ingore (-genic): referring to tissues 
with similar echogenicities. T his is ue case 
of the nerve tendon pairs (fig 5.9), 
artery—vein, bone—non- cade connec- 
tive tissue or articular cartilage—liquid 
structures. 

¢ Homogeneous image: apart from the par- 
ticular ultrasound characteristics of each 
tissue, the homogeneity of its structure and 
dimensions is what characterizes it as being 
normal. 
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FIGURE 5.9 = Longitudinal exploration of the median 
nerve (bracket 1) as it passes through the carpal 
tunnel. The nerve is visible passing superficially to the 
superficial flexor tendon (bracket 2) and the deep 
flexor tendon (bracket 3) of the index finger. The 
image demonstrates the similar echogenicity of these 
structures, which may lead to discrimination difficul- 
ties for the operator. 


¢ Heterogeneous image: the observation of 
a heterogeneous ultrasound pattern that 
notably breaks up the homogeneity when 
compared to the surrounding structures. 
When present, this is considered a sign of 
abnormality. In these circumstances, thor- 
ough anamnesis, physical exploration and 
ultrasonographic knowledge are used to 
determine the existence or absence of 
pathology. 








KEY POINTS 





The first building stone in ultrasound training, 
regardless of the speciality, begins with a thor- 
ough knowledge of its physical principles. 



































5.3. THE DOPPLER EFFECT AND ITS 
INDICATIONS IN ULTRASOUND 


Haemodynamic studies constitute an important 
speciality in diagnostic ultrasound within the 
field of physiotherapy. They enable assessment 
of the influence that some of the specialized 
treatment techniques have over the vascular 
system. The Doppler technique in ultrasound is 
possible thanks to the discoveries of the Austrian 
physicist and mathematician, Christian Andreas 
Doppler (1803-1853). His work, which he 


NANA 


FIGURE 5.10 = According to the direction of blood flow, 
the frequency and length of the wave emitted by the 
flow will vary depending on whether it is approaching 
or moving away from the transducer. (Colour version 
of figure is available online). 


named the Doppler effect, was based on the 
properties of light in movement and has been 
found to be applicable to all types of waves. 
Upon this foundation, over 100 years later, the 
Japanese developed what is known today as the 
application of the Doppler effect in ultrasound. 

A sound wave changes its frequency and 
wavelength, both when it moves away from an 
object as well as when it approaches it. If we live 
opposite a bell tower (a static source of sound), 
whenever the bells toll and if we are always in 
the same room, we will hear them at the same 
intensity, as they produce a sound in a fixed fre- 
quency. However, when we are in the same room 
and we hear an ambulance siren (a moving source 
of sound) its intensity varies, becoming higher- 
pitched as it approaches us, and lower-pitched as 
it moves away. For example, if this ambulance 
were to emit an original sound of 400 Hz, its 
frequency would increase and its wavelength 
would decrease as it approaches, whereas the 
opposite would be true when it moves away. 
Blood circulation also produces a sound which 
can be registered by the ultrasound transducer 
(figure 5.10). Thanks to the Doppler effect, the 
blood circulation can be visualized and haemo- 
dynamic studies can be performed using ultra- 
sound. Unlike ultrasound in B mode, for the 
Doppler technique it is necessary to position 
the transducer with a 60° tilt (Doppler angle) 
(figure 5.10) in relation to the blood vessel under 
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study. This technique allows for a more precise 
register of flow within the vessel. 

One of the most-used Doppler techniques 
is colour Doppler (or Doppler colour flow 
imaging). T his shows blood flow represented in 
two tonalities, with the brightness correlated 
to the velocity, becoming red if the blood 
approaches the transducer and blue if the blood 
flows away from the transducer (figure 5.11). 
T his colouring can actually be inverted by press- 
ing a button, which would then show the artery 
as blue and the veins red. The advantage of this 
Doppler technique is not to aid in the differen- 
tiation between an artery and a vein, but to be 
able to assess the possible existence of vascular 
alterations such as refluxes and turbulences. It is 
the anatomical and exploratory knowledge that 
allows us to discern whether the exploration is 
arterial or venous. The arteries, apart from 
having thicker walls, maintain a pulse connected 
with the heart beat and are much less collapsible 
than veins. On the other hand, in the case of 
veins, a minimal pressure can provoke a com- 
plete collapse (hence the importance of being 
aware of the exploratory pressure applied). Also, 
the venous valves are distinguishable and their 
behaviour worth observing. If we are able to 
locate major valves, such as those pertaining to 
the popliteal vein or the great saphenous vein 
(which ends in the femoral vein), one can appre- 
ciate the influence that breathing has on the 
venous system. During inspiration (inhalation) 
the valve closes, increasing its diameter signifi- 
cantly, while the opposite occurs during expira- 
tion (exhalation). It is interesting to observe that, 


INSPIRATION 





during inspiratory apnoea, the valve automati- 
cally opens after a few seconds with no need for 
an expiratory phase (figure 5.12). 

On the other hand, we have the colour 
Doppler energy or power Doppler imaging. T he 
advantage of this technique is that it is less 
dependent on the angle and more sensitive to the 
detection of flow in small vessels. For this reason, 
it is the technique of choice for study of the 
musculoskeletal system. However, it does not 
provide information about the direction of flow, 





FIGURE 5.11 =» A haemodynamic study using colour 
directional Doppler is displayed in which an artery 
(red) is visible together with its contiguous veins 
(blue). Differences in brightness and therefore of 
velocity can be seen between the periphery and the 
centre of the vessel. (Colour version of figure is avail- 
able online). 





FIGURE 5.12 = Longitudinal exploration of the femoral valve where it passes through the femoral triangle. In the 
ultrasound image on the left, the valve is visible closing during inspiration (white discontinuous lines), at the 
same time increasing the diameter of the vessel. Meanwhile, during expiration (right) the valve opens (continu- 
ous white lines) and the vein acquires a normal diameter once again. 
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always showing it in the same orange tone. The 
brightness of the colour is still correlated with 
velocity (figure 5.13).° 


KEY POINTS 


Because of its greater sensitivity, Colour Doppler 
Energy 1s the technique of choice for the study 
of the musculoskeletal system. 





FIGURE 5.13 =» Haemodynamic study using colour 
Doppler energy. This Doppler technique is more sens1- 
tive to small amounts of fluid, therefore it is the 
Doppler of choice for the assessment of angiogenesis 
in the musculoskeletal system. (Colour version of 
figure is available online). 


@ 
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Both Doppler techniques require a correct 
optimization, dependent on the exploratory 
frequency, radiofrequency pulse (RFP) and 
echogenicity gain. T his latter variable will deter- 
mine whether the Doppler image is clean or full 
of noise. When the objective is to find small 
presences of flow, it is recommended to adjust 
these variables until the possible appearance 
of noise. 

Finally, in general, examinations using 
Doppler should culminate with a Doppler 
duplex study as this provides both qualitative 
and quantitative information regarding the 
vessel and its blood flow. T his technique permits 
the professional to work simultaneously in B 
mode, colour Doppler or colour Doppler energy 
and in pulsed-wave Doppler (PW ). PW Doppler 
displays a histogram where the x-axis corre- 
sponds to the velocity (m/s) of flow and the )- 
axis to time (seconds). The form of the graph 
depends on whether it involves an artery or a 
vein. The arterial samples appear with two clear 
peaks of reference — the systolic and diastolic 
peaks. H owever, the venous sample is character- 
ized by presenting a continuous pattern, where 
the presence of small pulses is curiously related 
to respiratory frequency and not heart frequency 


In the study of the arterial system, two 
types of flow pattern are distinguished: those of 
high and low resistance. T hese patterns provide 
information regarding the tissue they supply, 
indicating whether the tissue offers more (or 


PS 9.36 cm/s 
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FIGURE 5.14 =» Comparative haemodynamic arteriovenous study using duplex Doppler (B-mode and pulsed 
Doppler). Left: a haemodynamic study of the femoral artery; right: haemodynamic study of the femoral vein. Of 
all the variables, the most important is the systolic peak (white arrow), which corresponds with the maximal fluid 


velocity. 
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FIGURE 5.15 =» Comparative haemodynamic study using pulsed Doppler. Left: low-resistance pattern; right: high- 
resistance pattern. The type of graph is correlated with the resistance that the tissue offers the blood which 


supplies it and not the resistance of the vessel itself. 


less) resistance to the entrance of blood. For 
example, the pattern of the external carotid 
artery (which is a vessel that irrigates muscle 
groups) is of high resistance; however, that of the 
internal carotid artery (which irrigates the brain) 
is of low resistance (figure 5.15). The assessment 
of the arterial pattern is of great interest in the 
study of angiogenesis by providing indirect 
information of the state of the tissue, as a result 
ofthe repair processes occurring within the mus- 
culoskeletal system. 


KEY POINTS 


‘High’ or ‘low’ resistance is related to the resist- 
ance the tissue offers to the entrance of blood. 
For this reason a tissue in repair increases its 
resistance pattern throughout its recovery 
process. 


Just as occurs in B mode, when PW is per- 
formed, a correct image optimization is needed, 
as the exploration is highly prone to subjectivi- 
ties. The optimization variables that will be con- 
sidered are: 

¢ the most reliable Doppler angle 

¢ the centred position of the sample volume 

of the PW in the interior of the vessel 
under study 

¢ the RFP most appropriate to the type of 

flow, and which avoids, as far as possible, 
potential distortion or aliasing. The RFP 
is reflected in the histogram as a modifi- 
cation of the speed scale found on the 
X- aX1S 


¢ the ascent or descent from the baseline of 
the graph so that the pattern is framed 
within the histogram. 


5.4 DESCRIPTION AND 
ANATOMICAL-ULTRASOUND 
CORRELATIONS WITH THE 
MUSCULOSKELETAL S YS TEM 


Within the musculoskeletal system, it is neces- 
sary to make special mention of the non- 
specialized connective tissue, as it provides a 
strong and abundant structure for the rest of 
the tissues forming the locomotor system. It is 
dense and hyperreflective, which explains why 
it 1s observed as a hyperechoic structure. It 
extends across the musculoskeletal system like 
the roots of a tree, interrelating some structures 
with others, whether these are bones, tendons, 
ligaments, muscles, nerves or even fat itself 
(figure 5.16). 

After a traumatic or degenerative process, an 
isolated structure will suffer internal changes, 
provoking more or less pain and incapacity. 
However, the involvement of its non-specialized 
connective tissue is responsible for creating 
a lesional chain during the recovery process 
and this can ultimately involve other structures 
found in more or less proximity. For example, 
there is a clear relation between hoffitis (the 
degeneration of Hoffa’s fat pad) and patellar 
tendinopathy. 

This type of connective tissue, including 
fascial tissue, also suffers from pathological proc- 
esses that are more complex to visualize. N otably, 
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FIGURE 5.16 =» Image of a knee dissection, in which a 
fascial network is shown as an example of the connec- 
tive tissue structure of the musculoskeletal system. 
(Colour version of figure is available online). 


an inflammatory infiltration affecting this tissue 
provokes an increase in width and a loss of echo- 
genicity. This becomes more evident after the 
comparative study of its contralateral side. 

The name itself, ‘connective tissue’, implies 
its importance. In other words, it offers struc- 
tural support and stability. For this reason, 
after a lesion, and even more so in the case of 
muscle, restructuring of the connective tissue 1s 
one of the most important signs to watch out for 
in order to confirm correct progression of the 
injury. 

The nerve, tendon, ligament and even fat 
itself show similar organization. However in the 
muscle the representation is far more complex. 
In the muscle, apart from observing the endomy- 
sium, perimysium, epimysium and the fascia (all 
of which are interrelated), one can notice, for 
example, how, in the case of the deltoid muscle, 
strands of connective tissue are found following 
the same trajectory as its muscle fibres (figure 
5.17). This finding causes these strands to be 
confused with other deep tendons that are topo- 
graphically related, such as the long head of the 
biceps brachii tendon or the supraspinatus 
tendon. Therefore, this can be a source of error 
in the palpation of these structures.° 

Another element to consider is the presence 
of intramuscular fibroadipose septa, which con- 
tinue to the tendon of origin and which are 
responsible for giving the muscle its characteris- 
tic form, together with a point of lesional con- 
flict. This can be observed in muscles such as 
the rectus femoris (figure 5.18), the hamstrings, 
adductor longus, tibialis anterior and the deltoid 
and anconeus muscles, among others. The rela- 
tion of the muscle fibres with their septa is one 





FIGURE 5.17 = Transverse section of the long tendon of 
the biceps brachu (*) in an extracapsular location 
where it passes by the bicipital groove. White arrow 
indicates a fibrous strand of connective tissue which 
separates the anterior and middle fascicles of the 
deltoid. It is one of the strands which under palpation 
is often confused with the long tendon of the biceps 
brachii. 





FIGURE 5.18 = Transverse section of the rectus femoris 
(RF). The septum (white arrow) extends intramuscu- 
larly in a comma shape from the epimysium, as the 
projection of the tendon originating in the anterior 
inferior iliac spine. The shape of the septum depends 
on the subject, the muscle quality and the injuries the 
person may have suffered. 


of a true myotendinous junction, and they rep- 
resent some of the most important points of 
lesional conflict. For example, in the case of the 
rectus femoris, its septum is projected to the 
inferior third of the muscle belly. This anatomi- 
cal disposition is responsible for the fact that 
tears in the rectus femoris are commonly located 
at the point of union with its septum.” 

On the other hand, the presence of these 
septa gives the muscle a strand-like texture under 
palpation, which can cause the clinician to 
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confuse them with simple contractures or inex- 
istent muscle strains. This is typically the case 
with the adductor longus, rectus femoris or tibia- 
lis anterior muscles. 

T he connective tissue that forms the locomo- 
tor system displays a high level of sensitive 
receptors, which results in the fact that its palpa- 
tion is always painful, or at least uncomfortable, 
even in the absence of dysfunction or illness. 
This challenges the explorations that are nor- 
mally practised in the assessment of muscu- 
loskeletal lesions, as not all that is painful under 
palpation is due to involvement of the soft 
tissues. An exhaustive anamnesis, clinical experi- 
ence, functional testing and the performance of 
complementary tests, such as ultrasound, are all 
necessary in order to reach a reliable conclusion, 
and this requires time. 


KEY POINTS 


T he tissues that form the musculoskeletal system 
display a similar connective tissue architecture, 
despite carrying out such diverse functions as, 
for example, is the case with the nerve and the 
muscle. As a result, their pathological ultrasound 
signs follow similar sequences. 


5.4.1 Subcutaneous cellular tissue 


In normal conditions subcutaneous cellular 
tissue is displayed as a hypoanechoic area parti- 
tioned by walls of hyperechoic connective tissue 
(figure 5.19). Its quantity depends on the grade 
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FIGURE 5.19 = Longitudinal section of the superficial 
pes anserinus (SPA) inserting in the internal aspect of 
the tibia. On its surface, the shape and echogenicity of 
the subcutaneous cellular tissue (SCT) can be seen, 
abundant in this area (marked between the two dis- 
continuous lines). 


of adiposity and the sex of the patient, together 
with the area under study. 

On occasions, an alteration of this character- 
istic pattern 1s appreciated. For example, muscle 
bruising is accompanied by an inflammatory 
process of the subcutaneous cell tissue adjacent 
to the bruised area, which is displayed as an 
increased echogenicity and a loss of its connec- 
tive architecture. The same scenario can also be 
accompanied by a break in the subcutaneous 
lymphatic capillaries, which will result in lym- 
phoedema, found between the subcutaneous cel- 
lular tissue and the superficial muscle plane. In 
assessment of the lymphoedema, it is important 
to pay special attention to the pressure that one 
exercises with the transducer, as this can alter the 
dimensions of the structure. 

T hese ruptures of lymphatic capillaries and of 
subcutaneous venules are also characteristic in 
ankle sprains. This would explain why, in just a 
few minutes, or even sometimes in a few seconds, 
the volume of the area expands considerably, 
regardless of the severity of the injury of the 
external ankle ligament complex. 

In varicose processes, an alteration in the 
image is also observed (thickening, hyperechoic- 
ity and loss of the connective pattern) and, fur- 
thermore, an increased diameter of the 
incompetent veins of the superficial venous 
system can be seen. 

The quantity of subcutaneous cellular tissue 
is a technically determining factor, as it causes 
considerable limitation in the observation of 
the subjacent interphases. In these cases the 
correct manipulation of the frequency, focus and 
gain is essential in order to correct this technical 
difficulty. 

Accumulations of fat within the joint are 
found, and these have an important biomechani- 
cal role and a similar appearance to the subcuta- 
neous cellular tissue. An example of these are the 
H offa and Kager fat pads, which are very rich in 
connective tissue (figure 5.20) and which main- 
tain strong adhesions with the patellar tendon 
and the Achilles tendon, respectively. 


5.4.2 Muscle 


Intra- and intermuscular stability depends on a 
network of dense and hyperechoic connective 
tissue represented by the endomysium, perimy- 
sium, epimysium and the fascial tissue itself, all 
of which are interrelated. The connective tissue 
represents the compartments within which 
vessels and nerves relate the internal structure of 
the muscle with the exterior. 

The muscle body is more hyperechoic than 
the connective tissue that stabilizes it. The most 
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FIGURE 5.20 =» A knee dissection is shown, demonstrat- 
ing how traction of the patellar tendon reveals the 
adipose tissue of Hoffa’s fat pad, which is firmly lined 
by connective tissue which also adheres to the deep 
aspect of the patellar tendon, implicating it in its 
biomechanics. (Colour version of figure is available 
online). 


important sign to consider is detection of the 
correct internal architecture of the connective 
tissue, for the assessment of a normal state, a 
macroscopic lesion or return to work or sports 
after a muscle lesion. 

As previously noted, the connective tissue 1s 
displayed in a similar manner in all muscles; 
however certain anatomical variations should be 
considered. For example, accumulations of con- 
nective tissue can be detected. These are called 
fibroadipose septa and represent intramuscular 
tendon projections. 

The muscle exploration usually begins with 
transverse views that enable observation of the 
entire muscle section. T hese transverse scans can 
be performed at a medium speed that offers a 
fast comparison between all portions of the 
section. Normally the same section of a great 
muscle belly displays areas with normal reflec- 
tion and other areas of anisotropy that require 
correction of the transducer tilt. The anisotropic 
areas should not be confused with zones suscep- 
tible to lesion. 

Particular attention must be paid to the 
amount of pressure applied with the transducer, 
as excess pressure can potentially modify the 
dimensions or even hide other pathological 
signals, such as a haematoma. 

Each muscle presents a specific point of con- 
flict where it tends to get damaged. In the case 
of the rectus femoris (figure 5.21) and the ham- 
string muscles, this is found in the myotendinous 
junction between the muscle fibres and their 
fibroadipose septa. However, in the case of the 





FIGURE 5.21 = Transverse exploration of the rectus 
femoris (RF) and the vastus intermedius (VI). An 
extremely large partial rupture is observed at the 
height ofits septum. The septum has disappeared and 
a large haematoma is seen with a hyperechoic solid 
component, which corresponds to a clot (arrow). 


medial head of the gastrocnemius, a typical lesion 
is due to a musculoaponeurotic avulsion between 
the muscle belly and the fascial tissue, corre- 
sponding to the origin of the Achilles tendon 
(figure 5.22). The location of these conflict 
points also influences the reconstruction period 
of the connective tissue and, therefore, recovery 
and return to activity. For this reason, gastroc- 
nemius muscle lesions tend to have a longer 
recovery process than other muscle bellies. 

To date, for a lesion to be visible under ultra- 
sound, it has to be macroscopic and linked to an 
acute inflammatory reaction, the destruction of 
its connective architecture and the formation of 
a haematoma. These signs are subject to the 
grade of the lesion, together with their location 
and lesional mechanism (external for contusions 
or internal due to distension). This means that 
muscular injuries considered microscopic, for 
example due to strain, contractures or even 
trigger points, at present lack clear ultrasound 
support and therefore the possibility of a precise 
reading and assessment. In the last few years, 
tests such as sonoelastography have been intro- 
duced as a new way of assessing the musculoskel- 
etal system, and are complementary to basic 
musculoskeletal ultrasound.'® 

Of all possible signs, the correct reconstruc- 
tion of the connective network is the most 
important factor in order both to guarantee 
correct function and to avoid recurrence. The 
more serious the injury is, the greater the quan- 
tity of muscular and connective tissue to be 
reconstructed, with the risk of scarring, which 


158 PART III MUSCULOSKELETAL ULTRASOUND 


aa " 
ot" o® al 7 a 
¢ = _ _— Z 





FIGURE5.22 =» Comparative contralateral study ofa lon- 
gitudinal exploration of the myotendinous junction of 
the medial head of gastrocnemius (G) in the Achilles 
fascia. In the deep muscle plane the soleus muscle (S) 
is found. In the inferior image, a musculo-aponeurotic 
avulsion is observed (discontinuous circle) corre- 
sponding to signs of an increase in width, a loss of 
echogenicity and a loss of structure to the connective 
tissue. It willbe very important to monitor progression 
in this case, in order to avoid the appearance of an 
ominous interstitial haematoma between the planes 
of the gastrocnemius and the soleus. 


can be quite normal, due to the size of the lesion 
(figure 5.23). From a functional point of view, 
an optimal viscoelastic capacity of this fibrous 
repair tissue is more important than its own 
dimensions. 

It is assumed that, 48-72 hours after the 
lesion, ultrasound is the technique of choice for 
the diagnosis of muscle tears. The use of ultra- 
sound in physiotherapy facilitates the perform- 
ance of repeated studies that enable assessment 
ofa correct progression, as well as avoiding com- 
plications related to muscular lesions. These 
include great muscular fibrosis processes which 
can cause nervous compression; the formation of 
large asymptomatic haematomas, which can end 
up becoming embedded or fibrotic over time; 
and the development of myositis ossificans 
related to large muscular contusions, or even 
compartment syndrome. '! 


KEY POINTS 


Of all the ultrasound diagnostic signs related 
to muscle tissue, the most important is the 
assessment of the architecture of its connective 
tissue, as this is directly related to the muscle’ 
performance. 





FIGURE 5.23 = Ultrasound exam ofa professional foot- 
ball player aged 33 years, who attends a consultation 
in order to monitor his progression after an old tear 
of the rectus femoris with recurrences. At the time of 
the ultrasound study, the footballer was not present- 
ing symptoms and was training as normal. A trans- 
verse section of the rectus femoris (RF) is shown, 
topographically related to the vastus externus (VE), 
vastus intermedius (VI) and sartorius (S) muscles, next 
to the vascular package (*). The internal aspect of the 
rectus femoris (discontinuous line) is shown with an 
increased echogenicity and a loss of its connective 
tissue architecture, as signs of fibrous scarring of 
great dimensions with fascial adherences in compari- 
son to other muscle groups. An encapsulated hae- 
matoma is also visible on the inside of the scar. 


Despite the great differences in function and 
tissue, the tendon presents a similar architecture 
to the ligament, the nerve and the muscle itself. 
This is characterized by the disposition of its 
connective tissue (figure 5.24). The tendon tissue 
is displayed as a hypoechoic body stabilized by a 
network of non-specialized hyperechoic connec- 
tive tissue (endotendon, peritendon, epitendon 
and paratendon), within which vessels and nerves 
are found relating the internal and external tend- 
inous structure. 

Tendons are minimally vascularized. There- 
fore, under normal conditions, the Doppler 
technique will show no flow. Asymptomatic 
internal flow has only been observed in some 
patellar tendons of volleyball players, accompa- 
nied by thickening and a loss of echogenicity.'” 
On the other hand, in some asymptomatic cases, 
some flow can be observed in the periphery of 
the tendon. 
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FIGURE 5.24 = Longitudinal exploration of the patellar 
tendon (PT) at its origin on the pole of the patella (P) 
and topographically located over Hoffa’s fat pad (H). 
In this exploration its deep (arrow) and superficial 
(arrow head) fibres are seen, connecting to the quad- 
riceps tendon. 





FIGURE 5.25 = Lateral posterior view of the distal third 
ofthe humerus in which the disposition of the tendons 
that form the common epicondyle tendon is shown, 
displacing the brachioradialis (B) and the extensor 
carpi radialis longus (1R). From anterior to posterior, 
the following structures are found: the extensor carp1 
radialis brevis (2), the extensor digitorum (3), the 
extensor digiti minimi (4) and the extensor carpi 
ulnaris (5). The anconeus muscle (*) deserves special 
attention, not only because of its closeness, but also 
due to its fascial relation with the epicondyle tendon, 
which therefore ends up implicating it directly in the 
clinical picture of the epicondylosis. (Colour version of 
figure is available online). 


There are two types of tendons: those with a 
single sheath and those with double sheaths. The 
tendons with a single sheath, such as the patellar, 
Achilles, epicondylar (figure 5.25), epitrochlear 
or rotator cuff tendons (figure 5.26), present the 
paratendon as the last connective tissue layer, 
whereas those with a double sheath, such as the 
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FIGURE 5.26 = Location of the rotator cuff and its rela- 
tion with the long head of the biceps brachii tendon 
(*) and the coracohumeral ligament (CHL), which con- 
stitutes the famous rotator interval, towards which 
insertion expansions are sent. The integrity of this 
ligament depends on the stability and behaviour of 
both the rotator cuffas wellas the long head of biceps. 
The tears in the rotator cuff which cause the most 
instability are those that affect the rotator interval, 
which means that the following require mandatory 
assessment: INF, infraspinatus; SUB, subscapularis; 
SUP, supraspinatus; Tm, teres minor. (Colour version 
of figure is available online). 


long biceps brachii tendon, the flexors and exten- 
sors of the wrist and the ankle, the popliteal, 
lateral peroneal and tibialis posterior tendons, 
also show a double sheath which 1s associated 
with the synovial membrane. 

The ideal ultrasound section will depend on 
the type of tendon. In general, it is longitudinal 
in tendons with a single sheath and transverse in 
those with a double sheath. The acute signs 
observable in tendinopathies that affect the 
single sheath tendons are a thickening and loss 
of echogenicity, and these are easier assessed via 
a longitudinal section. For tendons with a double 
sheath, the signs are the increased diameter 
between the single sheath and the double sheath 
of more than 2 mm, which justifies a larger 
quantity of synovial liquid. 

Tendons are very anisotropic. At times this 
can be more of an advantage than an inconven- 
lence, as it aids the discrimination of other tissues 
found in close proximity, such as the median 
nerve in the carpal tunnel or the transverse 
humeral ligament in the long head of the biceps 
brachii. 

Depending on whether a tendon presents a 
double sheath, the ultrasound assessment of a 
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Considerations 


Variable 


Width 

Loss of echogenicity 
Calcifications 
Angiogenesis 


The micasurement area depends on the site or the tendon lesion 

The number and surface hypoechoic areas are assessed 

It is important to consider their diameter and quantity 

A qualitative and quantitative analysis of flow is performed, considering 


the number of vessels and the pattern of resistance to flow 


Cortical defects 


The existence of this defect is noted in the records 





Variables Considerations 


Single/double-sheath diameter 


More than 1.5—2 mm is considered to be pathological. The relation of 


these tendons with the joint forces one to consider that the excess 
of fluid could be derived from an articular or tendinous problem 


Irregularity of the double sheath 
Thickening of the double sheath 
Calcifications 
Angiogenesis 


This is a sign of chronicity 

This receives the name of synovitis and its width is measured 

The diameter and quantity of these will be considered 

A qualitative and quantitative analysis of flow is performed, considering 


the number of vessels and the pattern of resistance to flow 


Tendinosis 


If tendinosis is present, the internal structure of the tendon is 


assessed, following the parameters shown in table 5.1 


Detritus within the synovial liquid 


If detritus is found within the excess of synovial liquid, this could be 


due to deposits of cholesterol, uric acid, calctum hydroxyapatite 
crystals, and also the possible existence of an infectious process 
accompanied by episodes of fever 


tendinopathy must consider specific variables 
(tables 5.1 and 5.2). It 1s important to be very 
precise and thorough while undertaking this 
assessment, as it enables one to be more objec- 
tive regarding the evolution the tendinopathy. 
In tendons with a simple sheath, the first 
variable to consider is the width, for which the 
measurement area will depend on the mor- 
phology of the tendon and its area of conflict. 
Thus, in the case of the patellar tendon, its 
width is measured | cm from the inferior patel- 
lar pole (insertion tendiopathies can also be 
observed in the tibial tuberosity); the Achilles 
is measured in its belly, at 2-6 cm from its 
insertion in the calcaneus (as with the patellar 
tendon, in the calcaneus, insertion tendinopa- 
thies are common) (figure 5.27); the epicondylar 
tendon is measured at the flat bony surface 
on the lateral aspect of the condyle, paying 
special attention to its deep fibres, which cor- 
respond with the tendon of the extensor carpi 
radialis brevis. In the case of the epitrochlear 
tendon, the deformity of its insertion point 
will require special attention, rather than its 





FIGURE 5.27 = Longitudinal section of the Achilles 
tendon (AT) in which an insertion tendinopathy in the 
calcaneus (C) is displayed with thickening, loss of 
echogenicity and angiogenesis due to Haglund’s 
deformity (arrow). This situation is usually accompa- 
nied by calcaneal bursitis due to the friction. (Colour 
version of figure is available online). 
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FIGURE 5.28 = Longitudinal exploration ofthe common 
epitrochlear tendon (*) in its origin on the epitrochlea 
(ET). The tendon, with a triangular shape, is visibly 
thickened and displays a loss of echogenicity as signs 
of a mild tendinopathy. The epitrochlear myotendi- 
nous complex must not be confused with the hyper- 
echogenic ulnar collateral ligament (UCL), which is 
found at its depth. 





FIGURE 5.29 = Sagittal section of the foot and ankle. 
Observe the origin of the plantar fascia (arrow) on the 
calcaneus and its relation to the heel fat pad (*). 
(Colour version of figure is available online). 


width (figure 5.28) as, due to its triangular mor- 
phology, it is impossible to determine an optimal 
measurement area. For the supraspinatus tendon, 
measurements are taken 1 cm from the greater 
tubercle of the humerus." 

Among the tendon ultrasound exams, the 
plantar fascia is also considered (figure 5.29). 
This structure has a histopathological process 
that is very similar to that of tendons with a 
single sheath, and therefore the same ultrasound 
variables are considered (figure 5.30). The 
degenerative processes of the plantar fascia 
usually tend to affect mostly the origin of the 
fascia in the calcaneus, although this can also be 
observed within its belly.’ Similar to what occurs 
between the patellar tendon at Hoffa’ fat pad,’ 





FIGURE 5.30 =» Comparative contralateral study. Longi- 
tudinal exploration of the origin of the plantar fascia 
(*). Right: the fascia is shown with thickening and a 
loss of echogenicity, as signs of mild fasciosis. 





FIGURE 5.31 = Longitudinal exploration of the origin 
of the plantar fascia (*). In the image the fascia is 
shown with a normal morphoechogenicity, although 
the heel fat pad shows a hypoanechoic area as a sign 
of posttraumatic haematoma, simulating a fasciosis 
symptomatology. 


the exams of the plantar fascia are associated 
with a mandatory study of the heel fat pad which, 
if found to be affected, would simulate a process 
of fasciosis (figure 5.31). 


KEY POINTS 


All ultrasound exams, and even more so when 
examining a tendon, must be accompanied by a 
comparative study on the contralateral side. 
Without this exploratory rule, many minimally 
degenerative signs could be overlooked. 
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FIGURE 5.32 
the epitrochlear muscles (TET). A minimal hypoechoic 
interphase is observed between the medial compart- 
ment ofthe articular elbow capsule (c) and the medial 
collateral ligament (*). ET, epitrochlea. 


Longitudinal exploration of a tendon of 


KEY POINTS 


In superficial tendons, such as the epicondyle, it 
is important to monitor the pressure used for the 
exploration, as this can alter its width. 


The visualization of a normal hyperechoic joint 
capsule is bound by its dimensions and the 
amount of support structures it possesses. The 
study of the femorotibial capsule in an approach 
to the posterior knee is not at all the same as 
study of the distal interphalangeal joint. Due to 
the joint dimensions, the width of the capsule 
and its proximity to the overlying tissues, in a 
normal situation it is complicated to discrimi- 
nate the capsule from the rest of the surrounding 
tissues (figure 5.32). However, when observing 
pathological processes, such as posttraumatic 
arthritis or other articular lesions or capsulo- 
ligamentous lesions, the discrimination of this 
complex is easier, as the contrast between struc- 
tures 1S increased, either due to an increase in 
intra-articular synovial liquid or oedema itself, 
due to the lesion in the soft tissues (figure 5.33). 

As part of the methodological criteria, it is 
recommended to perform an assessment of the 
joint during initial explorations. For this purpose, 
it is important to pay special attention to the 
possible intra-articular excess of synovial liquid. 
Once a possible articular lesion is dismissed, the 





FIGURE 5.33 =» Comparative contralateral study in an 
exploration of the acromioclavicular joint. Left: a 
normal joint is shown in which the articular capsule 
and the superior acromioclavicular ligament (*) are 
shown totally joined, ultrasonographically represent- 
ing the same structure. Right: an unstable joint with 
excess synovial liquid (arrow) is clearly visible. A, 
acromion; CL, clavicle. 





FIGURE5.34 = Comparative contralateral study ofa lon- 
gitudinal exploration of the quadriceps tendon (QT) in 
its insertion at the base of the patella (P) in order to 
assess the state of the suprapatellar bursa (*). Right: 
a bursitis with excess synovial liquid accompanied by 
pain on weight bearing and joint restriction. The 
remainder of the soft tissues explored were normal; 
therefore the treatment was centred on articular sta- 
bilization work. 


assessment of the soft tissues begins, assessing 
those that correlate with the symptoms. This is 
why the exploration of the knee begins with a 
study of the suprapatellar bursa (figure 5.34), 
which is usually communicating with the knee 
joint. 

Assessment of the humeroradial and humer- 
oulnar joints in the elbow is further determined 
by the location of the fat that is found in the 
radial, coronoid (figure 5.35) and olecranon 
fossae of the humerus. A situation of articular 
stress would cause the synovial liquid to project 
towards the fossae, causing anterior displace- 
ment of the previously mentioned fat processes. 
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FIGURE 5.35 = Longitudinal exploration of the anterior 
brachialis muscle (AB) where it crosses the humeroul- 
nar joint. This image shows the joint capsule (arrow) 
and the coronoid fat (*). CP, coronoid process; CO, 
condyle. 


An excess of articular liquid would cause an 
increase in articular space, easily verifiable with 
a comparative study on the contralateral side. If 
the capsular lesion is large, the joint will lose 
stability, and therefore it is possible to observe 
misalignment or even luxation of the articular 
surfaces. In order to verify the degree of joint 
stability, dynamic examinations or manual ten- 
sioning techniques are advised. 

W hen acapsuloligamentous lesion is assessed, 
it 1s advisable to assess the possible cortical 
defects of the articular surfaces, or the points of 
capsular insertion that are subject to small bony 
lesions that are not visible on X-ray. 

As with other lesions of the musculoskeletal 
system, the signs that accompany ligament inju- 
ries are thickening and loss of echogenicity 
(grade I), partial interruption of continuity 
(grade II) and total rupture (grade III). 

In a study of the joint and ligament capsules, 
the section of choice is longitudinal, as this aids 
the assessment of signs of normality and of 
pathology and improves contrast with regard to 
the periligamentous adipose components. The 
degeneration and ageing processes imply changes 
in the ligament which becomes more isoechoic 
in comparison to the surrounding tissues, and 
this makes its exploration difficult." 

In general, ligaments are narrow, with the 
exception of the collateral ligaments of the knee 
or the anterior talofibular ligament, among 
others. The medial collateral ligament deserves 





FIGURE 5.36 = Lateral view of a knee which shows the 
superficial fibres of the medial collateral ligament (*) 
originating in the medial epicondyle of the femur and 
inserting in the internal and proximal aspect of the 
tibia. (Colour version of figure is available online). 





FIGURE 5.37 = Longitudinal exploration of the medial 
collateral ligament where it passes by the articular 
interline. The superficial and more echogenic fibres (*) 
are visible passing above the internal meniscus (im), 
which has a triangular shape and is hyperechogenic. 
In the second interphase the meniscofemoral (m-f) 
and meniscotibial (m-t) fibres can be seen. 


special mention (figure 5.36), as it displays an 
evident 2—3 mm width, in which three fascicles 
are easily differentiated. Thus, a superficial fem- 
orotibial fascicle is observed, together with two 
deep fascicles: the meniscofemoral and menis- 
cotibial fascicles (figure 5.37). As occurs with 
other soft tissues, the ligaments have conflict 
areas due to their biomechanical components. 
T he fascicles that are usually affected in the case 
of sprains of the medial collateral ligament are 
the femoral origin of the femorotibial (figure 
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FIGURE 5.38 = Longitudinal view of the origin of the 
medial collateral ligament (*), concretely the femo- 
rotibial fibres on the lateral epicondyle. 


5.38) or the meniscofemoral fascicles, and not 
the meniscotibial component. 

Due to the acoustic shadow caused by the 
ultrasound beam reflecting on the bone, study of 
the entire musculoskeletal system is not possible. 
Some of the structures that are affected by this 
situation are the anterior and posterior cruciate 
ligaments of the knee. Only their tibial portion 
is visible, and this is furthermore made difficult 
due to the isomorphic echogenicity of the perili- 
gamentous fat. However, in the case of disrup- 
tion in its tibial end, a haematoma may be seen 
in the proximity of the tibia. 

On the other hand, within the joint, it is 
important to mention the study of the articular 
cartilage, which is anechoic, and for which a 
regular width and contour are the easiest signs 
of appreciable normality (figure 5.39). Its width 
and exploratory success depend on the joint. 
For this reason, just as occurs with the cruciate 
ligaments, the patellar articular cartilage is dif- 
ficult to assess due to its localization, despite its 
importance. 

Finally, ultrasound is not the best comple- 
mentary technique for the assessment of hyper- 
echoic fibrocartilage. H owever, if a lesion exists, 
it is possible that it can be seen using ultrasound. 
This is the case with significant meniscal cysts 
that are characteristic of the external tibial 
meniscus, and for which their symptomatology 
and physical exploration simulate degeneration 
of the iliotibial band (figure 5.40). 


5.4.5 Serous synovial bursa 


The term bursa comes from the Greek word 
prusa, which means wine skin. This term was 





FIGURE 5.39 = Ultrasound exploration of the articular 
cartilage of the femoral trochlea in maximal knee 
flexion. In the medial portion a small involvement of 
the subcondral bone is noticeable (arrowhead) related 
to an irregularity of its overlying cartilage (arrow). 


adopted due to its characteristic shape, with a 
maximum width, normally, of around 2 mm.”"° 

The serous bursae share the same embryonic 
origin as the joint capsule, and thus can segre- 
gate synovial liquid. With regard to their direct 
or indirect relation with the capsule, two types 
of bursa may be distinguished: communicating 
or non-communicating bursae. As previously 
explained, the exploration of the communicating 
serous bursae is actually an indirect way of 
assessing the state of the articulation. On the 
other hand, the non-communicating bursae 
can be either superficial or deep. Superficial 
serous bursae can be due to friction (which 
explains the existence of bursae named after 
certain professions), whereas deep bursae are 
caused by articular degeneration or biomechani- 
cal dysfunction. 

Non-communicating bursae are _ treated 
locally, whereas communicating bursae will also 
require articular stabilization-type work. 

An example of an obvious joint relation is a 
Baker’s cyst, which is considered to be an evagi- 
nation caused by degeneration of the semimem- 
branosus bursa or of the medial head of 
gastrocnemius which, in turn, are communicat- 
ing structures. For this reason, in the interior of 
the cystic mass, it is common to find loose bodies 
of a subchondral or meniscal origin. One can 
also find septa of non-specialized connective 
tissue. In larger cysts one can observe the duct 
that communicates the cyst with the bursa, and 
which opens or closes according to the degree of 
flexion/extension of the knee (figure 5.41). 
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FIGURE 5.40 


Comparative follow-up study. An exploration of the external tibial meniscus using the iliotibial band 


as a window for the approach. Left: the meniscal fissure can be seen (arrow); this communicates the articular 
space with the water-filled cystic mass (*). The cystic mass is shown projecting towards the surface ofthe iliotibial 
band (arrowheads), and palpation in this case would be symptomatic despite the lack of degeneration. Right: the 
same case after four sessions of percutaneous needle electrolysis, in which the patient was able to return to 
weight bearing and began gentle continuous jogging with no pain. 





FIGURE 5.41 


Posterior approach of the knee in which 
a multiseptate Baker’s cyst is visible communicating 
with the articular bursa through its characteristic 
channel (*). 


KEY POINTS 


The dimensions of a Baker’s cyst can invade the 
interaponeurotic space between the soleus and 
the medial head of gastrocnemius at the point of 
its union with the Achilles fascia. This can be 
confused with a haematoma after muscle apone- 
urosis avulsion. In this case, the union will be 


intact and the liquid collection can be followed 
to the posterior part of the knee. 


Despite the fact that ultrasound is not the best 
technique for the study of bone lesions, it has 
been found to be the most sensitive for both 
assessment of the cortical bone as well as detec- 
tion of calcifying processes. It is impossible to 
classify the type of fracture spatially, although it 
is possible to know of their existence, even when 
the X-ray has turned out negative.’ 

Thus, it is possible to observe small bony 
lesions which may have gone unnoticed using 
radiological techniques, such as the case of 
hairline fractures of the ribs (figure 5.42), 
small cortical lesions after ligamentous sprains 
or even myositis ossificans. Myositis ossificans 
may be observed under ultrasound 3-4 weeks 
after the contusion whereas, in order to see this 
radiologically, an evolution of 3-4 months is 
the norm. 


KEY POINTS 


On the other hand, and related to the evolution 
of soft-tissue lesions, calcifying degenerative 
processes can be observed far more in advance 
using ultrasound, in comparison to radiological 
techniques and, furthermore, they also allow for 
measurements of increased objectivity. 
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FIGURE 5.42 = Transverse costal ultrasound explora- 
tion in which a fissure is appreciable (arrow) which did 
not appear on radiological study. 


5.4.7 Nerve 


As explained in previous sections, the nerve has 
a form and echogenicity similar to that of the 
tendon and, therefore, it is important to have a 
thorough anatomical knowledge. Considering 
how anisotropy-dependent the tendons are, this 
artefact can be used to discriminate the nerve 
with more ease. 

The echogenicity of the nerve will depend on 
the structures surrounding it. For this example, 
the median nerve at the level of the forearm 
(where it is surrounded by muscle mass) will be 
viewed as hyperechoic whereas, for example, 
where it passes through the carpal tunnel and 
relates with flexor tendons, it can be observed to 
be hypoechoic. 

When one is lacking sufficient experience, it 
is recommended first to locate the nerves in rela- 
tion to the muscle masses (where they are dis- 
criminated with more ease) and subsequently 
follow them towards their points of conflict. 

The use of ultrasound accompanied by an 
electrophysiological study has become the tech- 
nique of choice for the assessment of nerve 
compressions affecting the peripheral nervous 
system, displacing magnetic resonance to the 
second stage. Just like the tendons or muscles, 
nerves display a hypoechoic matrix related to a 
network of hyperechoic non-specialized connec- 
tive tissue (endoneurium, perineurium and 
epineurium). Perhaps in a transverse section the 
main differences are apparent with regard to the 
tendons as, within the nerve, a fascicular axonal 
disposition is observed (figure 5.43). Unlike the 
tendons, in a normal situation it is possible to 





FIGURE 5.43 = Transverse view of the median nerve 
where it passes through the carpal tunnel (concretely, 
the scaphoid-pisiform section). Topographically we 
find it related with the following structures: anterior 
annular ligament (continuous line); TFS, superficial 
flexor tendons; TFP, deep flexor tendons; Fl, flexor 
hallucis longus tendon; E, scaphoid; Ps, pisiform; SML, 
semilunar. (Colour version offigure is available online). 





FIGURE 5.44 = Transverse section of the wrist in which 
the median nerve is visible (arrow) passing through 
the carpal tunnel and its anatomical relation with the 
flexor tendons. (Colour version of figure is available 
online). 


appreciate a small vascular network accompany- 
ing the nerves through the use of colour Doppler. 

Nerve compressions are ultrasonographically 
correlated with three main signs: loss of echo- 
genicity, decrease in width, and increase in 
surface. Clinically, one of the most frequent 
nerve compressions encountered is that of the 
median nerve during its course through the 
carpal tunnel (figure 5.44). In this case, a 


5 SONOANATOMY OF THE MUSCULOSKELETAL SYSTEM 167 


longitudinal section is used to assess the differ- 
ence in width between the compressed section 
and the healthy proximal portion, prior to the 
entrance into the carpal tunnel. Some authors 
consider that this difference in width must not 
be greater than 3-4 mm. On the other hand, a 
transverse section 1s required in order to assess 
the surface of the nerve, and this is esteemed 
pathological in cases in which, on account of the 
oedema, it is more’® than 9 mm’. 


KEY POINTS 


Apart from the static signs (width, echogenicity 
and surface), the dynamic behaviour of the nerve 
is considered to be a very important assessment 
sign, aS a compression will entail a movement 


deficit. 


Topographical knowledge of human anatomy is 
essential, together with exploratory experience, 
in order to be successful in a technique as physi- 
cally complex as ultrasound, in which the appear- 
ance of artefacts is frequent. Artefacts are images 
that do not correspond with real structures and 
which, during exploration, may be confused with 
pathological processes. H owever, the fact of con- 
sidering them alone can help to distinguish them 
when they appear. In this sense, according to Van 
Holsbeeck and Introcaso,* there are three major 
groups of ultrasound artefacts — ‘the good, the 
ugly, and the bad’. 

The group of ‘good’ artefacts includes acous- 
tic shadowing, refractile shadowing, posterior 
acoustic enhancement and comet tail. 

Acoustic shadowing, also known as posterior 
acoustic shadowing, is exclusively related to the 
existence of prevailing normal or pathological 
bone tissue (figure 5.45). The ultrasound waves 
increase their speed when colliding with the cor- 
tical surface, creating a hyperreflection that 
makes it impossible to observe the echogenicity 
of the interphases underlying the cortical area. 
It is possible to appreciate small hyperecho- 
genicity interphases without shadow, which can 
lead to confusion of a process of fibrous scarring 
with a calcifying degenerative process. In these 
cases, the correct position of the focus and the 
selection of the frequency are key for visualizing 
the acoustic shadow. Finally, this must not be 
confused with the dirty shadow (caused by air) 
in a typical abdominal ultrasound exploration 
(figure 5.46). 

Refractile shadowing, as its name indicates, is 
linked to the existence of a refraction when 





FIGURE 5.45 = Longitudinal exploration of the origin of 
the adductor muscles on the body of the pubis. From 
superficial to deep, we observe the adductor longus 
muscle (AL), adductor brevis (AB) and adductor 
magnus (AM). The discontinuous line shows the 
hyperechoic image of the cortical bone accompanied 
by its acoustic shadow. 





FIGURE 5.46 


Abdominal exploration in which the 
hyperechoic image of air is visible (arrow) accompa- 
nied by a dirty shadow (discontinuous arrows). 


transversely exploring oval or round structures. 
T his is conditioned by a rapid change in velocity 
and direction ofthe ultrasound. It is also common 
to observe this phenomenon related to fibroadi- 
pose muscular strands, where the tissue presents 
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FIGURE 5.47 = Longitudinal section of the quadriceps 
tendon (QT) where the suprapatellar bursa is observed 
(SB) with an excess of synovial liquid. The posterior 
acoustic enhancement hides the acoustic shadow of 
the femur (F). 


a fold. This also occurs in total tendon ruptures 
after the first ‘acute’ stage. 

Posterior acoustic enhancement appears when 
the ultrasound waves are confronted with liquid 
anechoic interphases overlying solid reflecting 
interphases (figure 5.47). When colliding with a 
liquid surface, these waves increase their propa- 
gation velocity, which entails an increase in the 
echogenicity of the underlying structures. Clini- 
cally, this is a sign that helps to distinguish 
abnormalities of liquid content. On the other 
hand, it is important to consider that not all 
fluids will always be related to posterior enhance- 
ments, due to the many changes that they may 
go through and according to their stage of 
repair. For example, a haematoma changes its 
behaviour according to its evolution and in rela- 
tion to the biochemical changes suffered due to 
the haemoglobin. 

Finally, among the so-called ‘good’ artefacts, 
the comet tail is found (figure 5.48). This is 
believed to be a form of reverberation artefact, 
and appears when the ultrasound waves collide 
with a strongly reflectant surface (more than 
the bone itself), such as the case of prosthetic 
material, crystals or wood splinters. The surface 
is hyperreflectant enough for the signal to 
rebound back to the surface of the transducer, 
and this process is repeated on several occasions. 
It is also common to observe this as an effect of 
the bone itself. 

This phenomenon entails that the original 
hyperreflectant interphase is repeated in depth, 
with its diameter being inversely proportional. 
T his type of artefact aids the detection and local- 
ization of osteosynthesis material which may be 





FIGURES5.48 = Transverse view ofthe brachialis muscle 


(B). The anterior cortex of the condyle and of the 
humeral trochlea is very hyperreflectant, and resem- 
bles a comet tail (discontinuous arrows). 


suffering from a process of symptomatic fibrotic 
scarring or small foreign bodies. 

Among the ‘ugly’ artefacts we find electric 
noise, which is very common and a product of 
the existence of electromagnetic interferences. 
This artefact is quickly and easily detected and 
is not usually confused with abnormalities. It 
appears frequently, although it is thought that it 
does not exist close to an electromagnetic source. 
W hen it does appear, it is a good time to remind 
our patients to switch off their mobile phones. 

There is a group of artefacts considered ‘bad’ 
because they can be confused with pathological 
processes. Among them we can highlight the 
mirror image and anisotropy. 

In section 5.2, we have already explained the 
mirror image. It is a typical finding in the explo- 
ration of the internal cortex of the tibia and 1s 
caused by hyperreflexion due to its density and 
proximity to the body surface (figure 5.4). In 
normal conditions, it is just a simple finding, but 
if it 1s accompanied by a simple posttrauma- 
embedded haematoma, this artefact can cause 
the anechoic interphase to be found over and 
underlying the cortex, and thus may be confused 
with more serious bone pathology. In these 
cases, the knowledge of this phenomenon and 
the integrity of the cortex are both reassuring 
signs for the clinician. 

Lastly, anisotropy occurs due to refraction 
caused by a lack of perpendicularity in the explo- 
ration. T his is a typical finding at the osteotendi- 
nous junctions of tendons (and at times inevitable) 
in longitudinal sections, due to a lack of tension, 
and which compels examination of the patellar 
tendon with slight knee flexion or the Achilles 
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tendon in dorsal flexion of the ankle (figure 
5.49). This is also evident in transverse sections, 
due to errors in the angle of the transducer, when 
one can appreciate virtual disappearance of the 
tendon. Mainly in the case of transverse sections, 
it is important to be more vigilant of the tilt 
angle of the transducer (figure 5.50). Tendons 
are more anisotropic than nerves, and this 
knowledge can aid observation, for example, of 
the median nerve in its passage through the 
carpal tunnel, by making gentle changes in the 
angle of the transducer (figure 5.51). 

When transverse sections of large muscle 
masses are performed, anisotropy is also typical 
in the non-priority areas and those that are 
distant from the optimal zone. This phenome- 
non is resolved by simply prioritizing these areas. 





FIGURE 5.49 = Longitudinal exploration of the insertion 
ofthe Achilles tendon (AT). Despite pre-tensioning the 
structure, a loss of echogenicity is observed (white 
arrow) as a sign of insertion anisotropy. 





Anisotropy is the subject of many frequently 
asked questions on the subject of ultrasound. 
This phenomenon, related to the hypoechoic 
interphase, may at times be confused with a 
tendinopathy when visualizing a tendon section. 
In this case, considering the almost inevitable 
insertion anisotropies that tendons suffer, how 
can we distinguish an insertion anisotropy from 
a tendinopathy? The answer is that tendinopa- 
thies, during an initial symptomatic phase, apart 
from their decreased echogenicity, are correlated 
with an increased width and lack of internal 





FIGURE 5.51 = Transverse exploration of the anterior 
compartment of the distal third of the forearm. At the 
centre of the image, the median nerve is observed (*) 
accompanied by the flexor tendons (1). In depth, the 
pronator quadratus muscle (PQ) is visible. The flexor 
tendons appear with a loss of echogenicity due to 
anisotropy, which improves the ability to discriminate 
the nerve. 





FIGURE 5.50 = Transverse exploration of the patellar tendon (PT) at | cm from the inferior pole of the patella, in 
which Hoffa’s fat pad (H) is observed in depth. The image on the left has been taken correctly, whereas on the 
right, the transducer has been incorrectly angled, and this causes the tendon to be shown with a great loss of 


echogenicity as a sign of anisotropy. 


170 


PART HII MUSCULOSKELETAL ULTRASOUND 


structure. On the other hand, in the case of 
anisotropy, the findings are restricted to an iso- 
lated loss of echogenicity that can be corrected 
by rectifying the angle of the transducer. 
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CHAPTER 6 





ULTRASOUND APPLICATIONS TO 
VISUALIZE AND CHARACTERIZE 
MYOFASCIAL TRIGGER POINTS 

AND SURROUNDING SOFT TISSUE 


Jay P. Shah ¢ Juliana Heimur 


Doctors pour drugs of which they know little, to cure diseases of which 
they know less, into human beings of which they know nothing. 


ChAr tek OUTEING: 
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6.2.2 New lines of assessment 
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syndrome (MPS); sonoelastography; 
ultrasound. 


6.1 INTRODUCTION 


Myofascial pain syndrome (MPS) describes a 
chronic pain condition that arises from muscle 
and its connective tissue. MPS is a specific 
non-inflammatory condition, characterized by 
regional pain that often presents in select quad- 
rants of the body. A prominent characteristic 
of MPS is the presence of one or more myo- 
fascial trigger points (MTrPs) — discrete, hyper- 
irritable nodules found within taut bands of 
skeletal muscle. MPS arises from active MTrPs 
which cause pain in local and/or distant tissue in 
particular referral patterns. The prevalence of 
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MPS is high, affecting up to 85% of patients in 
pain management cases,'” and similar levels in 
general medicine’ and dental clinics.* MTrPs are 
often an unidentified source of pain and muscle 
dysfunction and diagnosis depends exclusively 
on subjective measures. Ultrasound has been 
explored as an objective, reliable and repeatable 
diagnostic test for evaluation of MTrPs. This 
chapter discusses the use of two-dimensional 
(2D ) grey-scale, Doppler and vibration sonoelas- 
tography to visualize and characterize MTrPs 
and surrounding soft tissue better. 


6.2 MYOFASCIAL PAIN SYNDROME 


6.2.1 Current diagnostic criteria 


MTrPs arise from clusters of contraction knots 
in adjacent muscle fibres (figure 6.1). They may 
present in active or latent states. Spontaneous 
pain is indicative of an active MTrP, and this pain 
can be reproduced and exacerbated by pressure 


17] 


IZ PART III MUSCULOSKELETAL ULTRASOUND 






Trigger point 
complex 


FIGURE 6.1 = Schematic of a trigger point complex. A 
trigger point complex in a taut band of muscle is com- 
posed of multiple contraction knots. (Adapted from 
Simons DG, Travell JG. Myofascial Pain and Dysfunction: 
The Trigger Pomt Manual. Vol. 1 Upper Half of Body. 2nd 
ed. Balttmore, MD: Willams & Wilkins; 1999, and original 
figure by sv: Anvandare: Chrizz.) (Colour version of figure 
is available online). 


on the nodule. Latent MTrPs do not cause spon- 
taneous pain but have the similar physical find- 
ings of palpable nodules within a taut band of 
skeletal muscle. When firm digital pressure is 
applied, latent MTrPs may elicit pain. In fact, the 
pain pressure threshold has been shown to be 
significantly different in active and latent MTrPs 
when compared to normal sites.’ Both types of 
MTrP may cause referral pain to distant and 
seemingly unrelated areas, muscle dysfunction, 
weakness and a limited range of motion. 

Patient history and physical examination are 
critical in identifying MTrPs. The patient’ 
reported pain patterns can help to suggest which 
muscles are involved. A clinician trained in 
muscle examination techniques must palpate the 
muscle to identify a taut band. T he nodule along 
the taut band which elicits the maximum tender- 
ness is the MTrP. Myofascial Pain and Dysfunction: 
The Trigger Point Manual contains detailed 
instructions for examination.° 

A characteristic finding of an MTrP is the 
presence of a local twitch response (LTR). This 
is an involuntary, localized contraction of muscle 
fibres that is both rapid and transient. It can be 
elicited with mechanical palpation, particularly 
with the dry needling technique. Muscle short- 
ening is not evident through imaging, therefore 
needle insertion is a valuable tool to confirm the 
presence of an MTrP.’ However, eliciting an 
LTR requires a high degree of skill and is thus 
considered an unreliable method of evaluation. 


MTrP diagnosis depends upon examiner 
experience and training, which raises concerns of 
its validity. Some studies found low interrater 
reliability among examiners in their attempts to 
identify MTrPs.*’ Low interrater reliability may 
be due in part to the lack of an official list of 
diagnostic criteria. To adjust for the inconsist- 
ency, Gerwin et al.'° outlined essential criteria 
for an MTrP: (1) an exquisitely tender spot found 
in a taut band of muscle; (2) an LTR and/or 
referred pain to distant sites upon manual palpa- 
tion or needling of the tender spot; (3) restricted 
range of motion; (4) reproduction of the patient’s 
pain complaint through pressure on the MTrP; 
(5) regional muscle weakness; and (6) autonomic 
symptoms. The fourth criterion is only applica- 
ble to active MTrPs since latent MTrPs do not 
cause spontaneous pain. 


6.2.2 New lines of assessment 


MTrPs are often an unidentified source of pain 
and muscle dysfunction and diagnosis depends 
exclusively on subjective measures. Therefore, 
there is a need for an objective, reliable and 
repeatable diagnostic test for evaluation of 
MTrPs. Promising lines of research have 
emerged using existing forms of technology. 
In the 1950s, surface electrodes were used to 
identify low-resistance points on the skin.!' 
Thermography was later used to image 
MTrPs'*'? and differentiate active from latent 
sites.'* Shock-wave technology was even con- 
sidered in MTrP identification.'!” Chen et al.'° 
succeeded in using magnetic resonance elastog- 
raphy for this purpose. 

Our group explored the use of ultrasound to 
visualize MTrPs, surrounding soft tissue and vas- 
culature. T his technology provides non-invasive, 
real-time imaging and is suitable for use in a 
clinical office. Ultrasound is readily available and 
has the potential to characterize viscoelastic 
properties of myofascial tissue,'’ quantify haemo- 
dynamic changes, provide measures of tissue 
performance and demonstrate structure and 
function correlations.'*~° It provides a method 
to obtain descriptive information of tissue, such 
as the presence of fat, fibre and fluid, in addition 
to its mechanical properties.*!”” 


6.2.3 Methods of investigation 


To investigate myofascial pain, healthy volun- 
teers and individuals suffering from neck pain 
enrolled in our protocols. Participants under- 
went physical examination by a physiatrist to 
determine the presence or absence of MTrPs 
in the upper trapezius muscle, according to 


standard clinical criteria.° Four sites were 
marked on each participant as active MTrPs, 
latent MTrPs or normal tissue. Pain pressure 
threshold was measured at each site using pres- 
sure algometry. Following the physical examina- 
tion, sonography was performed by examiners 
who were blinded to the site classifications 
and clinical status of the participant. The 
upper trapezius was visualized in three stages: 
2D grey-scale imaging, Doppler and vibration 
sonoelastography.”'’*° °° 


Physical examination 


Physical examinations revealed certain trends. 
Medially located MTrPs had a higher prevalence 
than those in the lateral upper trapezius muscle. 
Furthermore, one study’ showed that 83% of 
active MTrPs had symmetrical active or latent 
MTrPs bilaterally. Active MTrPs had lower pain 
pressure thresholds than latent MTrPs, and 
these latent MTrP sites had significantly lower 
pain pressure thresholds than normal control 
sites. It was determined that pain pressure 
threshold is a fair classifier of active versus 
normal sites but a poor classifier between other 
site types. However, the visual analogue scale 
separated active from latent MTrPs well.” 


Diagnostic ultrasound technology 


Diagnostic ultrasound is extensively used for 
non-invasive real-time imaging of soft tissue, 
such as muscle, tendon, fascia and blood vessels.!’ 
Further, it is a low-risk method to obtain descrip- 
tive information of tissue and assess its proper- 
ties.”'*? Our group investigated the feasibility of 
ultrasound imaging in visualizing MTrPs and 
surrounding muscle. Throughout each study, we 
used the Philips 1U 22 clinical ultrasound system 
with a 12.5 MHz linear array L12-5 trans- 
ducer..**’® Sonoelastography was performed 
using an external vibrational tool of approxi- 
mately 92 Hz.” * SonixRP ultrasound system 
(Ultrasonix, Vancouver, BC) and a 5-14 MHz 
linear array transducer were used for later inves- 
tigation of vibration sonoelastography.*** To 
examine shear waves through the upper trape- 
zius, we used a vibrational tool with a variable 
power supply, allowing us to vibrate the muscle 
at different frequencies.” 


Grey-scale imaging 


Participants were seated upright in a comforta- 
ble position. The upper trapezius was visualized 
using longitudinal and transverse views on 
B-mode 2D grey-scale imaging. Normal sites 
appeared to have uniform fibre orientation 
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throughout the tissue (figure 6.2A). MTrPs 
appeared as focal hypoechoic regions (darker 
than the surrounding area), elliptical or band- 
like in shape, and with increased fibre alignment 
heterogeneity’'’** (figure 6.2B). These sites 
corresponded with the location of the palpable 
nodule from the physical examination. Under 
ultrasound imaging, a single MMTrP often 
appeared as multiple, smaller nodules in close 
proximity to one another. Hypoechoic areas 
from active and latent MTrPs were significantly 
larger than those sites marked as normal; however 
there was no significant difference in size between 
active and latent MTrPs.° 


Blood fow 


Using Doppler ultrasound, we investigated the 
vasculature and circulation of the marked sites 
and their surrounding tissue, specifically the 
ascending branch of the transverse cervical artery 
and any other arteries or enlarged arterioles in 
the neighbourhood region. Our group measured 
peak systolic velocity (PSV) and minimum 
diastolic velocity (MDV) near marked sites. Two 
calculations were used to assess blood flow. The 
resistive index (RI) is commonly used in vascular 
diagnosis, as it indicates the resistance of the end- 
organ vascular bed. The RI 1s the ratio of the 
difference in peak systolic and minimum diastolic 
velocities to the peak systolic velocity, shown 
in the equation RI = ((PSV — MDV]/PSV). An 
RI = 1 in muscle indicates normal, non-diastolic 
flow. H owever, RI < | indicates elevated diastolic 
flow and decreased vascular bed resistance, while 
RI > 1 indicates negative diastolic flow and 
increased vascular bed resistance. The pulsatility 
index (PI) was also examined, as this quantifies 
the level of flow oscillation between systole and 
diastole, as seen in the equation PI = ([PSV — 
MDV/]/mean velocity). 

Blood vessels were visualized using colour 
Doppler imaging in the immediate vicinity of 
the MTrPs, occasionally very close to the MTrP 
itself. Studies showed that active MTrPs have 
significantly higher peak systolic velocities and 
negative diastolic velocities, along with signifi- 
cantly lower minimum diastolic, when compared 
to latent MTrPs and normal muscle” (figure 
6.3). RI was used to identify negative diastolic 
flow. Our first study revealed differences between 
active and latent MTrPs, as 69% ofactive MTrPs 
showed unique Doppler flow waveforms with 
retrograde diastolic flow compared to only 
16.7% of latent MTrPs.° A later study confirmed 
that the occurrence of retrograde diastolic flow 
was significantly higher in active and latent sites 
when compared to normal muscle tissue.” 
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Hypoechoeic trigger point 


“| “Upper 
trapezius 


FIGURE 6.2 





Focal decrease of colour 
variance indicates a localized 
stiffer region 


(A) Normal upper trapezius muscle. Amyofascial trigger point is not palpable and the normal muscle 


appears isoechoic and has uniform colour variance. (B) Upper trapezius muscle with a palpable myofascial trigger 
point. A hypoechoic region and a well-defined focal decrease of colour variance indicating a localized stiffer 
region are visible. (Colour version of figure is available online). 





FIGURE 6.3 


(A) Doppler velocity spectrum near a 
latent myofascial trigger point (MTrP). (B) Doppler 
velocity spectrum near an active MTrP. (Colour version 
of figure is available online). 


T he PI is indicative of flow oscillation within 
the vasculature. U sing spectral Doppler imaging, 
our group found that active and latent MTrPs 
had highly pulsatile flow more often than normal 
muscle tissue, though there were no significant 
differences between active and latent MTrPs.°”*”° 
PI therefore has the ability to distinguish MTrPs 
from normal sites. T hus, we are able to conclude 
that MTrPs are associated with blood flow 
abnormalities.” 


Vibration sonoelastography utilizes an external 
vibration source of less than 1000 Hz. Used in 
conjunction with Doppler, our group performed 
sonoelastography in two stages. The first imple- 
mented the Philips 1U22 clinical ultrasound 
system with an external hand-held vibrating 
massager with a modified flat-head attachment 
head. Colour Doppler variance imaging was 
performed while inducing vibrations of ~92 Hz. 
The hand-held vibrational tool was placed 
2—3 cm from each marked site. Colour variance 
mode was used to image wave propagation from 


the vibrational tool through selected muscle 
tissue. Accordingly, MTrPs appeared as focal 
areas of reduced vibration amplitude, indicating 
a region of increased tissue stiffness. Further, 
these areas of reduced vibration amplitude cor- 
responded with the localized hypoechoic regions 
observed in 2D grey-scale imaging for all 
subjects.” 

The 92 Hz tool was also used to analyse the 
cross-section area of marked sites. On sonoelas- 
tography, sites of active MTrPs were significantly 
larger than latent MTrPs and palpably normal 
tissue. Further, latent MTrPs were significantly 
larger than normal muscle tissue. Thus, it was 
concluded that area measurements are excellent 
classifiers of site type and could robustly distin- 
guish among active MTrPs, latent MTrPs, and 
palpably normal sites. However, when compared 
to sensitivity of pain, there was no linear correla- 
tion between pain pressure threshold and hyp- 
oechoic area of the MTrP. In this study, it was 
concluded that vibration sonoelastography was 
an effective method for measuring the cross- 
section area of MTrPs and the size was excellent 
in determining the site type.” 

Later studies implemented varying frequen- 
cies in sonoelastography. A hand-held vibra- 
tional tool with a variable power supply was 
fabricated*** in conjunction with the previously 
mentioned modified flat-head attachment.° T his 
tool allowed the muscle tissue to be externally 
vibrated at selected frequencies of 60 Hz, 
110 Hz, 160 Hzand 200 Hz. Using the SonixRP 
US system, raw data were acquired from both 
symptomatic and asymptomatic patients. Upon 
analysis, active MTrPs in the upper trapezius 
muscle had significantly higher shear modulus 
than palpably normal tissue, indicating stiffer 
tissue. This method was therefore capable of 
quantitatively measuring region-specific shear 
properties in both muscle tissue harbouring 
active MTrPs and normal tissue.“* When high- 
frequency excitations (©100 Hz) were used, 
shear wave speeds were significantly higher in 
active MTrPs and their surrounding tissue in 
comparison to palpably normal tissue.” 


6.3 DISCUSSION AND 
CONCLUSION 


The pathogenesis of myofascial pain is not yet 
fully understood. A few postulations on MTrP 
formation exist, including Simons’ integrated 
hypothesis. This hypothesis proposes that a lack 
of adenosine triphosphate leads to an ‘energy 
crisis’ which perpetuates an initial sustained 
sarcomere contracture, or an MTrP. Muscle 
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fibre contraction can cause capillary constric- 
tion, compromising circulation and thus increas- 
ing local metabolic demands. Ischaemia and 
hypoxia sensitize peripheral nociceptors and 
thereby cause more pain and tenderness at the 
MTrP.'°?’”” Findings from our group support 
Simons’ integrated hypothesis.*!’”* *°°° 

Our studies used ultrasound to characterize 
the soft-tissue environment of the upper trape- 
zius muscle. Results of 2D grey-scale imaging 
confirm that significant tissue abnormalities 
and morphological changes are associated with 
MTrPs. Active and latent MTrPs appear as one 
or more focal hypoechoic regions on grey-scale 
and colour variance ultrasound imaging. These 
hypoechoic areas are absent in palpably normal 
myofascial tissue. Differences in echogenicity of 
MTrPs compared to normal tissue suggest a dis- 
ruption of normal muscle fibre structure and 
local tissue characteristics. The hypoechoic 
regions may be indicative of contraction knots 
resulting from increased muscle fibre recruit- 
ment and contraction, local injury, localized 
regions of ischaemia’ and/or low-level muscle 
contractions accompanying stereotypical move- 
ment patterns.’'** It should be noted, however, 
that some hypoechoic regions were observed 
when nodules were not palpable on physical 
examination.” Echotexture and echogenicity of 
muscle under ultrasound may depend on addi- 
tional factors that lead to this observation, 
such as density, spacing between fibres, orienta- 
tion of fibres, fat or fluid content or tissue 
heterogeneity. 

Ultrasound imaging enables clinicians to 
investigate the vasculature and blood flow char- 
acteristics of myofascial tissue. Results from our 
investigation associate distinct blood flow distur- 
bances with the pathophysiology of MTrPs. The 
Doppler blood flow waveforms near active 
MTrPs showed increased systolic velocities and 
flow reversal with negative diastolic velocities — 
results that were significantly different from 
latent MTrPs and normal, uninvolved muscle. 
T hese findings are indicative ofa highly resistive 
vascular bed. An increase in vascular resistance 
at sites containing active MTrPs is consistent 
with blood vessel compression, caused either by 
sustained contracture at the MTrP or constric- 
tion caused by oxidative stress or hypoxia. Blood 
vessel compression may be sufficient to induce 
local hypoperfusion, hypoxia and other patho- 
physiological developments, leading to the pain, 
tenderness and nodularity of an active MTrP. 
Previous studies have shown that high intramus- 
cular pressure significantly impedes local blood 
flow. T his suggests that pain secondary to active 
MTrPs may be caused indirectly by decreased 
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blood flow to the nodule, further supporting 
Simons’ integrated hypothesis.'°*’? H ypoper- 
fusion may lead to the observed low partial 
pressure of oxygen (PO,) and contractures, as 
low PO, is probably associated with a lack of 
adenosine triphosphate.’ A study of tissue oxy- 
genation indicated a focal region of hypoxia at 
the centre ofthe MTrP and a surrounding region 
of hyperoxia.’ In fact, low oxygen levels are 
potent factors to release bradykinin, a sensitizing 
agent for muscle nociceptors.°**”° Furthermore, 
inflammation, haemodynamic stress, hypoxia 
and tissue distress at the MTrP may lead to vas- 
cular remodelling” at the site of the nodule. 
Beyond the resistivity of blood vessels, arter- 
ies in the neighbourhood of both active and 
latent MTrPs had highly pulsatile blood flow 
more often than palpably normal muscle tissue. 
Two explanations could account for the differ- 
ence in pulsatility: an increase in outflow resist- 
ance and/or an increase in the compliance and 
volume of the vascular compartment. Increased 
outflow resistance could be due to a number 
of factors, including muscle contracture at the 
MTrP that compresses the capillary/venous bed, 
anatomical influences related to the geometry of 
the apex of the upper trapezius muscle that apply 
external compression, local vasoconstriction due 
to inflammation or externally applied pressure 
by the ultrasound transducer. An increased vas- 
cular volume acts as a reservoir into which the 
blood flows during systole and flows out during 
diastole. The significance of an increased vascu- 
lar volume is not yet fully understood but it may 
help to elucidate the pathophysiological mecha- 
nisms of MTrPs and myofascial pain. We have 
observed that active MTrPs predominantly 
present in the apex of the upper trapezius and 
therefore the anatomy could, indeed, contribute 
to their formation.”**”° Previous studies revealed 
elevated levels of proinflammatory mediators 
and other neuropeptides associated with vasodila- 
tory and angiogenic effects in the vicinity of 
active MTrPs.*’** These biochemicals may play 
a role in the observed blood flow waveforms. 
Our group used vibration sonoelastography 
to investigate MTrPs and normal muscle 
quantitatively. MTrPs appeared as focal regions 
of reduced vibration amplitude, indicative of 
increased stiffness compared to surrounding 
tissue. It is believed that these stiffer nodules are 
a result of muscle fibre contractures. We found 
vibration sonoelastography to be an effective 
method for measuring MTrP size and excellent 
in distinguishing among active MTrPs, latent 
MTrPs and palpably normal tissue. H owever, 
there was no correlation between MTrP size and 
pain pressure threshold, suggesting that other 


mechanisms may contribute independently to 
MT?rP size and sensitivity.” T he presence of sen- 
sitizing biochemicals such as neuropeptides and 
catecholamines may influence the pain sensitiv- 
ity of myofascial tissue, as elevated levels were 
previously found in active MTrPs.”™ By vibrating 
the upper trapezius at high frequencies, we 
observed that shear wave speeds were higher in 
symptomatic tissue than normal muscle tissue. 
Thus, it may be concluded that increased tissue 
heterogeneity exists at active MTrPs and their 
surrounding tissue. 

Our team sought to investigate a novel appli- 
cation of ultrasound to identify and characterize 
abnormalities associated with MTrPs and their 
surrounding soft-tissue environment. Findings 
from our sonographic studies may help to eluci- 
date the pathophysiological mechanisms under- 
lying the development and natural history of 
myofascial dysfunction, as we have shown differ- 
ences between active MTrPs, latent MTrPs and 
palpably normal tissue. We have been able to 
understand better the complex environment sur- 
rounding MTrPs by studying objective measure- 
ments such as blood flow, MTrP size and 
mechanical shear properties of the region. Ultra- 
sound was selected since the technology is safe, 
non-invasive, cost-effective and readily available 
in the clinical setting. It 1s our aim to help estab- 
lish objective diagnostic criteria for the identifi- 
cation and classification of MTrPs through a 
method that is more reliable, sensitive and spe- 
cific than physical examination alone. These 
qualities enable it to be used in longitudinal 
monitoring of MTrPs. By examining changes 
in size, appearance, stiffness and/or blood flow, 
clinicians may objectively measure treatment 
outcomes. 


6.4 UMITATIONS 


While we believe that ultrasound technology 
has applicability in the field of myofascial pain, 
there are several limitations to our studies that 
should be acknowledged. The ultrasound trans- 
ducer used in our studies created 2D images. 
However, the MTrP is a three-dimensional 
nodule. To assess the MTrP more accurately, a 
three-dimensional ultrasound transducer should 
be used in future studies. Though the sonogra- 
pher attempts consistency among participants, 
the operator technique is difficult to control and 
is determined subjectively. The amount of pres- 
sure and the angle at which the transducer is 
applied to the skin are not quantitatively 
assessed.””° Additionally, vibration sonoelastog- 
raphy is very sensitive to the position of the 


hand-held vibrational tool. The shear wave can 
be missed if the tool and ultrasound transducer 
are not properly positioned. To address this issue 
and ensure shear wave propagation, we used 
real-time visualization of the phase image to 
allow the user to adjust the positions of the trans- 
ducer and vibrational tool on to the skin.” Con- 
cerning blood flow waveforms, we did not 
measure reproducibility, nor did we analyse sys- 
temic changes.*° Though some painfree control 
participants were studied, most ‘normal’ sites 
were marked at least 5 cm from MTrP sites on 
symptomatic individuals.” Finally, a single phy- 
siatrist and sonographer performed all examina- 
tions and we did not assess intraobserver and 
interobserver variabilities.°° A definitive model 
for the aetiology of myofascial pain and MTrPs 
is premature; however, we believe that our appli- 
cation of ultrasound expands upon current 
knowledge and brings us closer to developing a 
model of the pathophysiology of MTrPs and 
their objective treatment measures.””” 
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7.1 PHYSIOTHERAPY AND 
INVASIVE ULTRASOUND-GUIDED 
TECHNIQUES 


Ultrasound is an excellent tool available to 
physiotherapists for the purpose of visualizing 
and assessing the musculoskeletal system.'~* 
Furthermore, the performance of invasive tech- 
niques under direct visualization of musculoskel- 
etal ultrasound has an increasing number of 
applications,’ as it enables a clearer localization 
of the target structure. This not only increases 
the precision of the intervention,* '° but also 
improves the safety of the technique,'°”! 


pro- 
duces improved results’? and has an overall 
cost benefit.” 


KEY POINTS 


The application of invasive musculoskeletal 
techniques under the guidance or direction 
of ultrasound imaging has shown improved 
results and a reduction in the overall cost of 
interventions. 


A range of studies have demonstrated that the 
localization of the target structure based on pal- 
pation methods alone is prone to error. Several 
studies have compared infiltrations guided by 
palpation compared to contrast radiology or 
fluoroscopy. The results have shown that the 
needle is incorrectly placed inside the target 
tissue between 10% and 70% of the time.*”” 


7.8. ADVANTAGES AND 
DISADVANTAGES OF 
ULTRASOUND-GUIDED 
PROCEDURES 
Tse 
7.8.2 Disadvantages 


7.9 ALGORITHM 
7.10 REFERENCES 


Advantages 


Ultrasound allows for the procedure to be per- 
formed in real time with continuous control of 
the needle position, and monitoring of the appli- 
cation of a therapeutic agent on behalf of the 
professional. In accordance, several studies have 
demonstrated the effectiveness of ultrasound- 
guided procedures in the musculoskeletal system, 
resulting in positive results in comparison to 
conventional systems.'*'> The current genera- 
tion of systems and high-frequency probes 
provides an excellent description of the muscu- 
loskeletal tissues, and offers a detailed view of 
the different structures (e.g. tendon, muscle, 
ligament). 


KEY POINTS 


The present-day technology allows one to ‘see’ 
rather than ‘imagine’ the structures. 


Arange of professionals (such as anaesthetists, 
cardiologists, gynaecologists, rheumatologists 
and physiotherapists) rely on ultrasound images 
in order to improve the effectiveness and safety 
of their procedures. In all the aforementioned 
cases, the visualization of the anatomical struc- 
tures, such as the vessels, nerves and organs found 
in areas close to the target tissue, guarantee the 
safety of the application.'° *! Furthermore, ultra- 
sound is useful for detecting anatomical varia- 
tions (such as an unusual location of a nerve or 
the presence of additional nerves or vessels) 
which are not usually detected with conventional 
types of assessment tools such as palpation. 

The use of ultrasound guidance during mini- 
mally invasive techniques in physiotherapy 1s 
relatively recent and has been associated with 
the development of percutaneous needle elec- 
trolysis techniques, such as the EPI® tech- 
nique’° and dry needling.*’ The ultrasound 
image provides the physiotherapist with key 
information in order to establish therapeutic 
targets for the use of physical agents. Examples 
of procedures that benefit from ultrasound 


7 INVASIVE ULTRASOUND-GUIDED TECHNIQUES IN PHYSIOTHERAPY 181 


guidance are the destruction of neovascularized 
areas associated with chronic tendinopathies via 
the use of electric currents’® or the vaporization 
of the haematic contents in the case of a muscle 
rupture.” This is similar to the use of ultrasound 
guidance by orthopaedic surgeons while per- 
forming infiltrations with sclerosing substances” 
or aspirations.’ The great advantage is that 
the clinical result of the treatment is seen in 
real time. 


KEY POINTS 


When combined with invasive physiotherapy 
techniques, ultrasound enables a precise and safe 
approach of the target structure in real time. 


In recent years, a growing number of physi- 
otherapists have introduced ultrasound devices 
into their clinical practice in order to improve 
patient care. This process has been facilitated by 
the numerous technological advances, the port- 
ability of the devices and a reduction in their 
costs, together with the emergence of specialized 
training opportunities. 

The safety and effectiveness of ultrasound- 
guided techniques in physiotherapy depend on 
various factors: correct image optimization and 
visualization of the target area, improvement in 
the technique of needle visualization and the 
establishment of safety measures. Our primary 
aim with this chapter is to provide readers with 
the opportunity to gain the knowledge and 
develop the skills to perform invasive ultrasound- 
guided techniques in daily clinical practice. 


7.2. PROCEDURES FOR IMPROVING 
IMAGE VISUALIZATION 


Despite the differences between the different 
machines and brands available on the market 
with regard to appearance and options, all 
machines have the same basic functions that the 
physiotherapist can manipulate in order to opti- 
mize the image. These are frequency and probe 
selection, depth, focus, gain, colour Doppler 
(CD) and power Doppler. T he goal is to improve 
the axial and lateral resolution of the image sur- 
rounding the target area to be treated. 


7.2.1 Frequency and probe selection 


The ultrasound wave is characterized by a fre- 
quency (f), a wavelength (delta) and a constant 
speed of propagation within the soft tissue 
(1540 m/s). Selection of the appropriate fre- 
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FIGURE 7.1 = Probe or transducer. (A) Linear probe 
for cardiology. (B) Linear ‘hockey stick’-type probe. 
(C) Curvilinear probe. (D) Linear conventional probe 
(E) Vaginal probe. (Courtesy of General Electric®.) 
(Colour version of f gure is available online). 
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quency is probably the most decisive element for 
the purpose of image optimization. The most 
common frequency range in musculoskeletal 
ultrasound lies between 5 and 13 MHz. In this 
way, the high frequencies provide superior axial 
resolution (for example, at 5 MHz axial resolu- 
tion is 0.6 mm while, at 12 MHz, it is 0.25 mm), 
but they have less penetration strength. 

+ Frequency = 7 Resolution 

| Frequency = 7 Penetration 
The probe (transducer) most commonly used in 
musculoskeletal ultrasound is lineal (figure 7.1B 
and D), as it is the best way for an ultrasound 
beam to fall perpendicularly over the straight 
structures of the musculoskeletal system (e.g. 
tendon, ligament). Far less frequently, the curvi- 
linear probe is used (figure 7.1C), in this case for 
deeper structures (for example, the piriformis 
muscle). Some ultrasound machines provide the 
option of increasing the field of view and simulat- 
ing that a curved probe is being used. This is 
called ‘virtual convex imaging’, given that these 
devices electronically increase the field of view 
from rectangular to trapezoidal. T his is especially 
useful for visualizing muscle tissue (figure 7.2). 

The use of frequency transducers (10-15 
MHz) is best suited for visualizing superficial 
structures (2-4 cm), whereas the middle fre- 
quency transducers (5-10 MHz) are preferably 
used in areas found at a depth of 5-6 cm. Most 
of the probes used are multifrequency (for 
example, 7-12 MHz). The ultrasound machines 
predeterminally establish a central frequency 
that they deem to be optimal, according to the 
type of study (for example, musculoskeletal, 
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small areas) and the anatomical area (for exam- 
ple, knee, shoulder). However, the professional 
should modify the ultrasound wave frequency 
emitted by the transducer. As a recommenda- 
tion, the highest possible frequency is selected 
(i.e. with the highest resolution) whenever the 
required depth is met for visualization of the 
target structure. 

Another important factor in relation to the 
probe is its size. Different-shaped models are 
aves according to the area to be studied 
(figure 7.1). For instance, linear probes with a 
smaller contact surface (i.e. ‘hockey stick’) are 
better suited to small and irregular areas, as they 
provide a better-suited approach for anatomical 
areas such as the foot or the hand.’ 


7.2.2. Depth 


Depth refers to the possibility of increasing or 
decreasing the field of view and must be adjusted 
according to the target structure in order to 
ensure correct visualization. On the right- hand 
side of the s screen the depth is shown in centi- 
metres (figure 7.3). 

At first, it is s recommended to increase the field 
of view (i.e. i increase depth) (figure 7.3A) as this 
will permit identification of areas of anatomical 
landmarks and those that are clinically relevant; 
after this, the field of view is decreased (less 
depth) (figu Soke ae pe image is centred over 
the target a area nee C). 

If an important structure, such as a vessel or 
a nerve, is found close to the target, the depth 
should be adjusted accordingly in order to 
achieve a more complete view and to improve 
safety. 

In more superficial structures (for example, 
the carpal tunnel) the image can be improved 
by applying more gel between the probe and 
the skin. 





FIGURE 7.3 = Depth. Longitudinal section on the patel- 
lar tendon at different depths (A-C). (A) Wide field of 
view in order to identify areas of anatomical refer- 
ences. (B) and (C) Appropriate depth for centring the 
image on the target area. The depth (D) appears on 
the right-hand side of the image, marked within a 
rectangle. 
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KEY POINTS 


The depth must be adjusted in order to improve 
the image and increase the safety of the 
procedure. 


7.2.3 Focus 


The focus or focal zone is the limit in which 
ultrasound waves converge and begin to diverge. 
It is a site with improved lateral resolution. 

The present ultrasound machines allow the 
possibility of (1) adjusting the focal zone to 
different depths within the field of view 
(figure \-C) and (2) establishing multiple 
focal zones, thus managing to centre the projec- 
tion of the ultrasound pom seep the structure 
to be assessed or treated (fig D). However, 
the increase in the atin ‘of focal zones can 
degrade temporal resolution, as the machine will 
need more time to read the ultrasound wave and 
process each image. The position of the focus is 
generally represented with a small arrow at the 
right or left of the image (figure 7.4). It is recom- 
mended that the focus is positioned slightly 
deeper (1 cm) to the area of interest. 


KEY POINTS 


Image optimization is achieved by positioning 
the focus or the focal zones over the target tissue. 


7.2.4 Gain 


The gain establishes how white or bright (hyper- 
echoic) or how dark (hypoechoic) the image on 
the screen appears (figure 7.5A). By increasing 
the gain, the amount of white (brightness) 
increases. In contrast, by decreasing the gain, 
the image appears altogether darker. By adjust- 
ing the gain of the image, the goal is that the 
professional should be able to recognize the 
structures under study more easily; for this 
reason, the adjustments of the gain depend 
on the professional’s preferences. With most 
machines it is possible to adjust the gain auto- 
matically, and this is the option most commonly 
used. 

It is important to bear in mind that, by increas- 
ing the gain, the lateral resolution decreases and 
that by making the image darker, real saa 
tion reearcine the target area may be lost (fig 
7.5B a C). For example, in a pathological 
patellar ‘endon. an excessive increase of gain will 
brighten the image to the point of obscuring the 
visible areas of involvement, creating a false 








FIGURE 7.4 = Focus. Adjusting the focus to different 
depths over the supraspinatus tendon in a longitudi- 
nal ultrasound section. (A) Optimal focus. (B) and 
(C) Examples of focus with error. (D) Adjustment using 
different focuses. The focus appears on the right-hand 
side of the image marked within a circle. 


negative, whereas, by decreasing the gain, it 
is possible to ‘lose’ the hyperechoic relevant 
focal zone, by darkening the image, creating a 
greater area involved and leading to an incorrect 
diagnosis. 
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The TGC function, similar to the gain, enables 
adjustment of brightness. Unlike the gain, which 
increases or decreases overall brightness, the 
TGC allows the operator to adjust the bright- 
ness independently at different depths within the 
field. Most machines have a TGC control with 
a set of small sliders that allow for adjustment of 
less to more gain at specific levels of depth. In 
this way, the TGC is normally used to increase 
the gain of the deeper structures. In the remain- 
ing situations, the control of TGC is usually 
positioned in the central area. 


The machines normally offer maps with both 
different colour tones and degrees of contrast 
(figure 7.6). Professionals must determine the 
concrete settings with which they are most com- 
fortable and those that offer the greatest image 
detail. 


Compound imaging technology enables acquisi- 
tion of multiple images of the same object taken 
from different angles within the same plane (spa- 
tial compound imaging) or acquired at different 
frequencies (frequency compound imaging) and 
combining them into a single image. The ultra- 
sound systems by GE Healthcare offer a com- 
pound function (CrosskKBeam™) designed to 
improve the image.’ The images thus obtained 
show less granulation and increased definition of 


GORE 75 = Gan. (A) Osta! gam. Ce) Not edounl the borders and subsequently produce a cleaner 
gain. (C) Excessive gain. image (with less noise) (figure 7.7). 





Ofe} fo] ame [mai lele) 
Ecler: Wel-Metellel al = 
WE Tek- Me l- Mote) (o] an 
Eley: elmore) le] am D) 
WE Tek Wel -Mete) [o] ait = 
VE lek: Me l-Mete) le] ama 
Mapa decolorG § 
Eek: Me l-Mete] le] alta 


WV E-Ter- Wel Mote} le] am 


Ot lalel-itcls 





FIGURE7.6 =» Colour map ofthe Achilles tendon in a panoramic image. (Colour version of figure is available online). 
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FIGURE 7.7 =» (A) CrossXBeam™ on. (B) CrossXBeam™ off. Views of a longitudinal ultrasound section over the 
epicondylar tendon. (A) appears less grainy and has better image definition than (B). 


Tissue harmonic imaging creates an image 
using echoes at twice the emitted frequency; this 
higher-frequency harmonic signal is spontane- 
ously generated by propagation through tissues.” 


7.2.8 Probe manipulation 


When manipulating the probe, there are several 
elements worth noting in order to optimize the 
image. PART is an acronym for pressure, align- 
ment, rotation and tilt. 


Pressure 


Correct pressure application can considerably 
improve image quality. The increase in pressure 
affects the echogenicity of the tissue (it appears 
more anechoic) and shortens the distance to the 
structure of interest (target zone), which can 
introduce error into the calculation of distance 
from the skin to the target area, as well as an 
error in quantification of the width ofa structure 
(for example, when quantifying the width of a 
tendon). 

On occasion more pressure is applied inten- 
tionally. For instance, firm pressure upon the 
probe is used for the purpose of differentiating 
a vein (which collapses with pressure) and an 
artery (which does not collapse), during an 
ultrasound-guided procedure and in order to 
reach a greater depth with the needle, thus 
reducing the distance to the target, and in order 
to direct the ultrasound beam to an area of inter- 
est. In this case, more pressure is applied to one 
side of the probe and this causes it to angle. 


Alignment 


It is important for the probe to be positioned on 
the appropriate plane, due to the narrow width 
of the ultrasound beam (as little as 1 mm at the 
focal zone of high-frequency transducers) and 


slight movements can move the target structure 
and the needle outside the field of view. 

Likewise, the transducer in B-mode can be 
placed perpendicular to the target zone in order 
to increase the quality of the image. If the angle 
ofthe probe is perpendicular, or close to perpen- 
dicular, more ultrasound waves will be reflected 
back to the transducer, which will result in a 
better image. If the ultrasound waves are parallel 
to the surface of the target area (an angle of 
incidence of more than 45°), the image will 
appear more blurred. 








KEY POINTS 





The transducer must be placed in the correct 
plane and perpendicular (in B mode) to the 
target structure. 





Rotation and tilt 


T he image can be improved by tilting or rotating 
the probe, thus adjusting the angle of the ultra- 
sound beam. By manipulating the probe, the 
direction of the ultrasound beam is modified and 
different images are obtained of the same struc- 
ture until the ideal image is obtained. In the soft 
tissues, especially tendons and nerves, the phe- 
nomenon of anisotropy is an important consid- 
eration (see chapter 5). 


7.2.9 Dominant eye 


The dominant eye is the one with the most visual 
acuteness or acuity and with superior visual 
depth, whereas the other eye mainly dominates 
peripheral and spatial vision. Based on the com- 
bined information from both eyes, a three- 
dimensional image is formed in our brain. 

The fact of having a dominant eye can affect 
what we see and how we see; therefore the 
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professional must find out ifthe vision in one eye 
predominates. It may be vital to use that eye in 
order to improve the quality of observations. 
Thus, if the professional’ dominant eye is the 
right one, the target tissue will be placed on the 
right-hand side of the ultrasound screen during 
an in-plane approach (see section 7.6.4). 

Eye dominance can be tested in many ways. 
A straightforward way to find out which eye is 
dominant 1s as follows: 

1. Completely extend both arms and place 
them at the level of the eyes. 

2. Form a triangle between the thumbs and 
the index fingers, leaving a small hole 
through which one can see. 

3. Through the hole, pick out an object to 
observe which does not surpass the size of 
the hole. 

4. Close the left eye. If the image changes 
(the angle of view changes), the left eye is 
dominant. 

5. If the image remains unaltered, the right 
eye 1s dominant. 

Another important aspect to consider is the 
dominant hand, as right-handed operators prefer 
a right-hand screen bias so that they can see their 
hands and the display during the procedure. 


KEY POINTS 


The professional must be aware of which eye 1s 
dominant and align it with the dominant hand 
during ultrasound-guided invasive techniques. 


7.3, PROCEDURES FOR 
IMPROVING IDENTIFICATION OF 
THE TARGET ZONE 


Once the image has been optimized and before 
beginning treatment on the target tissue, it is 
important to ensure that it is the clinically rele- 
vant tissue. It is not about ‘pricking’ a faulty 
image with a needle, but of approaching the 
actual injured tissue. For this purpose, different 
strategies can be established in order to improve 
identification of the truly affected (target) area. 


7.3.1 Clinical correlation 


In the process of physiotherapy evaluation and 
diagnosis, a physiotherapist usually combines 
manual testing (e.g. orthopaedic tests, palpation) 
with instrumental tests (for example, muscu- 
loskeletal ultrasound) for the purpose of identi- 
fying any alterations (at the level of function and 
structure) and limitations experienced during 


activity. With regard to the order of these pro- 
cedures, the anamnesis and manual physical 
exploration take place before the instrumental 
assessment with ultrasound. Ultrasound serves 
to confirm previous hypotheses and to set the 
therapeutic goal (which must occur after all the 
information has been correlated). In other words, 
the ultrasound finding (for example, a focal hyp- 
oechoic region over the inferior pole of the 
patella) must correlate with the patient’s clinical 
condition and previous tests (e.g. selective pain 
on palpation of the inferior pole of the patella, 
difficulty going down stairs). 


KEY POINTS 


A “target structure” must not be approached 
without a confirmed clinical correlation. 


Sonopalpation (edge technique) 


The edge of the transducer may be used as a 
palpation tool and to elicit feedback from the 
patient regarding pain-sensitive structures. 


7.3.2 Systematizing the ultrasound 
assessment 


It is important to systematize the exploration of 
the different anatomical regions with assessment 
protocols.** An ultrasound study must include at 
least the examination of the longitudinal and 
transverse plane in order to obtain valid and 
precise information regarding the structure 
under study and to approach the whole anatom1- 
cal area (see section 7.3.3). The evaluation in 
both longitudinal and transverse planes enables 
an orthogonal image of the target structure to 
be attained and decreases the error associated 
with a possible anisotropy. 

Whenever possible, the static study must be 
complemented with a dynamic analysis of the 
tissue (for example, by asking the patient to 
abduct the shoulder in order to assess the 
dynamic behaviour of the supraspinatus and the 
subacromial impingement). 


7.3.3 Scanning 


Together with the study in the transverse and 
longitudinal plane, it is recommended that a scan 
be performed in order to assess the anatomical 
region of interest thoroughly and thus avoid 
errors. It is important to consider that the 
image obtained by ultrasound represents a two- 
dimensional section of a structure that has three 
dimensions. Therefore, it is recommended that 
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FIGURE 7.8 = Contralateral study. Longitudinal ultrasound section showing degenerative changes in both patellar 
tendons. (A) Asymptomatic. (B) Symptomatic. 
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FIGURE 7.9 
(B) Transverse section. 


multiple sections are viewed, as this will allow 
the professional to reconstruct the target struc- 
ture mentally in the three dimensions. This 
process requires the professional to have a thor- 
ough knowledge of the anatomical region. 


A comparative study of the contralateral (sup- 
posedly healthy) side is usually recommended 
(right-to-left comparison), or at least a study of 
the asymptomatic portion of the structure under 
study. This is in order to be able to compare and 
highlight the normal structures from the pre- 
sumably pathological ones, as well as to have a 
clearer idea of the differences or similarities 
between them. 

In the case of tendinopathies, bilateral involve- 
ment is frequent, as well as the presence of 
degenerative changes that affect the individual 


Contralateral study. Measurement. Dual image of the patellar tendon. (A) Longitudinal section. 


bilaterally (for example, in runners); sometimes 
these are accompanied by clinical symptoms, at 
other times not at all*°°® (figure 7.8). To date, 
there is a lack of studies focusing on patterns of 
normality of the soft tissue. 

Many devices allow for the screen to be 
divided, with the benefit of displaying the images 
one beside the other (dual option), thus facilitat- 
ing comparative measures between structures 
(figure 7.9). 


The newer ultrasound devices include the 
option of conducting a panoramic study of 
the anatomical structure (for example, the 
LogiqView® by GE®). This option is particu- 
larly useful for study of the structure as a whole 
(figure 7.10) and allows for easier identification 
of the area of interest. 
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FIGURE 7.10 = Panoramic image. (A) Loss of continuity in the myotendinous junction of the rectus femoris. 
(B) Healthy muscle. 





FIGURE 7.11 = Elastography. (A) Top: an elastography image, with its correspondence in B-mode (bottom). 
(B) Elastographic image analysis. Quantitative display of elasticity of the tissue in the different areas selected. 
(Colour version of figure is available online). 


the areas of interest and their quantification*”*” 


(figure 7.11). 
Sonoelastography is a new technique that has 


been incorporated into ultrasound devices for 

analysing the elasticity of tissues. In this manner, 

the changes in tissue elasticity are represented 

on the screen, similar to a map of colours, from 

blue (more rigid tissue) to red (more elastic 

tissue). The use of sonoelastography associated 

with B-mode offers extra information for the Before beginning the — ultrasound-guided 
professional, therefore enabling a more precise approach, a series of safety procedures must be 
analysis of the structure, with identification of — performed. 
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7.4.1 Positioning 


There are three factors associated with adequate 
positioning in the application of invasive echo- 
guided procedures: the ultrasound device, the 
patient and the professional or operator. 


Ultrasound device 


¢ This must be placed at a comfortable 
distance. 

¢ The screen must be placed directly in front 
of the operator. 

¢ The angle of the device and the screen 
must be adjusted in order to reduce reflec- 
tions to a minimum. 

¢ It is recommended that the screen on the 
device be placed at the level of or slightly 
below the operator’ eyes. This will avoid 
the operator adopting a forced position 
and/or a maintained flexion plus protrac- 
tion of the cervical spine. 


Patient 


¢ It is important that the patient feels com- 
fortable and safe. 

¢ Ifthe patient is apprehensive, the screen on 
the device must be placed outside the 
patient’s visual field. 


Operator 


¢ The operator must be positioned as close 
to the patient as possible. 
¢ The operators back must be supported. 
Thus, it is recommended to use a chair 
or a stool that offers support in the 
lumbar region, and which allows for height 
adjustment. 
¢ Avoid a position of dorsal kyphosis. 
¢ Reduce cervical and ocular tension. 
¢ The operator must look straight ahead 
and avoid having to turn the head or the 
body. 
All of these elements will increase the comfort 
and safety of the procedure, as well as reduce the 
risk of complications. 


7.4.2 Material 


The material needed in ultrasound- guided inva- 
sive physiotherapy techniques must be sterile 
and be placed on a cart or a table so that it is 
easily accessible. 
¢ Antiseptic spray for healthy skin. These are 
products (such as Cutasept® or Skin- 
Des®) that have a wide-spectrum disinfect- 
ant action, with bactericidal, fungicidal, 


tuberculocidal, microbactericidal and virus 
inactivation (hepatitis B, human immuno- 
deficiency virus) effects. The skin must be 
sprayed prior to the procedure and left to 
dry for around 1 minute. 

Sterile gel. The gel has a double function: 
to contribute to the formation of an echo- 
graphic image, by decreasing the difference 
of impedance between the air and the skin, 
and as a lubricant, as it allows for easier 
manipulation of the transducer. The gel 
used in invasive ultrasound- guided invasive 
physiotherapy procedures must be sterile 
(for example, Aquasonic®). It is important 
to make sure of this because the gel that is 
usually used in physiotherapy services 1s 
not sterile. Monodose presentations of 
product are also available (20 grams). 
Probe covers or protective devices. The 
transducer must not be sterilized in an 
autoclave and the use of disinfectant liquids 
for cleaning it can damage it. For this 
reason, and to guarantee the sterility of 
the transducer, different strategies can be 
used: (1) a sterile glove; (2) a latex condom- 
type cover; (3) adhesive transparent lamina 
such as Opsite® Flexigrid® (Smith & 
Nephew) or Tegaderm® (3M). In any 
case, it 1s important to ensure that air 
does not become trapped between these 
and the probe in order to avoid distorting 
the image. For this reason it is recom- 
mended to place the gel on the transducer 
before covering it. 

T he use of probe covers is no substitute for 
cleaning and disinfection between proce- 
dures (see chapter 1). 

Non-sterile gloves. It is important to select 
a correct glove size, so that the glove fits 
snugly on to the professional’s hand. 
Sterile needles. The puncture needles must 
be sterile. 

Sterile gauze. This is used after removing 
the needle, for the purpose of applying 
pressure to the treatment area. Normally 
the puncture needle used in invasive physi- 
otherapy techniques (see chapter 2) does 
not provoke bleeding after extraction, as 
the soft tissue itself collapses the access 
path after the needle is removed. If a capil- 
lary is perforated, pressure placed upon the 
sterile gauze for approximately 30 seconds 
is usually enough to cut the blood effusion. 
70% Alcohol. 70% alcohol has a superior 
disinfectant strength in comparison to 95% 
alcohol. 

Medical waste disposal or sharps container: 
see chapter 1. 
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KEY POINTS 


A disinfection process combined with the use of 
a sterile gel and a probe cover is an accepted 
method of infection control for ultrasound 
transducers. 


7.4.3 Probe orientation and the 
image on the screen 


Before beginning the invasive approach and 
advancing the needle, it is important to be sure 
of the position of the probe in relation to the 
tissue and the representation of the image on 
the screen. It is important to remember that the 
transducers present a marker on one of the sides 
that coincides with the left-hand side of the 
screen (figure 7.12) and which will help with 
image orientation. 

On the contralateral side, when a transducer 
is positioned transverse to the longitudinal axis, 
the right side of the patient corresponds with the 
left side of the ultrasound image and the left side 
corresponds with the right side of the image. 

If we position the transducer longitudinally to 
the axis, the left side of the ultrasound image will 
correspond with the superior part of the trans- 
ducer and the right side of the ultrasound image 
will correspond with the inferior aspect of the 
transducer. 





FIGURE 7.12 = Marker on the lateral side of the trans- 
ducer — useful for establishing the correct orientation 
ofthe image on the ultrasound screen. (Colour version 
of figure is available online). 


KEY POINTS 


It is always useful to confirm which side of the 
transducer corresponds with which side of the 
screen, in order to identify the correct orienta- 
tion of the image. 


7.4.4 Doppler 


Doppler technology (see chapter 5) is based on 
the change of frequency of the ultrasound beam 
when it encounters a moving object (such as the 
blood cells in a vessel), which causes the beam to 
be reflected back towards the source that origi- 
nated it at a different frequency. The frequency 
increases if the object (blood cells) moves towards 
the source that originated the beam (transducer) 
and decreases if the object moves away from it. 
In contrast with B-mode, Doppler registers the 
image better when the ultrasound beam is more 
parallel to the direction of the flow. In other 
words, when the incidence angle is close to 90° 
there is less flow, and colour may not appear on 
the screen, which can give a false-negative indic- 
ative of ‘no flow’. 

Both CD and power Doppler imaging (PDI) 
technologies are useful adjuncts to invasive phys- 
iotherapy procedures for two reasons: (1) they 
allow for the identification of vessels close to the 
target area or in the path of the needle (figure 
7.13); and (2) because determined structures, 
such as the tendon, present a neovascularization 
process in the case of degeneration (figure 7.14), 
which is one of the therapeutic objectives.*’”* 

CD expresses the data of change in frequency 
in a colour spectrum (red—blue). The colour 
scale has a directional character, so that the red 
spectrum corresponds to the flow that moves 





FIGURE 7.13 =» Power Doppler colour. Identification of 
vascular structures close to the target tissue and in the 
path of the needle. The vascular element shows up as 
marked with discontinuous lines. (Colour version of 
figure is available online). 
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FIGURE 7.14 =» Power Doppler colour. (A) Neovascularization displayed in the Achilles tendon in a longitudinal 
ultrasound section. (B) Contralateral Achilles tendon without hypervascularization. (Colour version of figure is 
available online). 


towards the transducer and the blue spectrum 1s 
the one that moves away. PDI is different from 
CD in that it represents the width of the Doppler 
signal and not the frequency, in orange. 

PDI is more sensitive to slow flow in smaller 
vessels than CD (and therefore it is very useful 
in processes such as tendinopathies) and is not 
affected by an unfavourable tilt angle. 


KEY POINTS 


Before initiating any treatment approach, it 
is important to analyse the presence of vessels 
close to the target area or in the pathway of the 
needle. 


KEY POINTS 


PDI is less angle-dependent and more sensitive 
to slow flow, allowing for the visualization of 
smaller vessels. 


7.4.5 Measurement and needle 
selection 


Once the target area is identified it is important 
to measure the distance from the skin to the 
target in order to select the most appropriate 
needle (i.e. one that guarantees safety in the 
application ofthe technique). N ote that 0.5—1 cm 
must be left outside the skin (see chapters | and 
2). For example, if the target is located at 
21.4 mm, a needle measuring 30 mm long will 
be used rather than one of 25 mm. 


7.4.6 Needle tip visualization 


Correct needle tip visualization that is main- 
tained throughout the duration of a treatment 
approach on a target structure is of special 
importance in order to minimize complications. 
It has been demonstrated that this is one of the 
most frequent errors’ made among novice 
practitioners. 


KEY POINTS 


Do not continue advancing the needle if you lose 
sight of the needle tip on the ultrasound screen. 


7.5. PROCEDURES FOR IMPROVING 
NEEDLE VISUAUZATION 


Needle visualization depends on a range of 
factors, such as the characteristics of the needle 
used, the type of tissue that it goes through (the 
more fluid a tissue is, the more echogenic the 
needle becomes),” the technology of the trans- 
ducer and the ultrasound equipment,” as well 
as the professional’s knowledge regarding poten- 
tial artefacts and experience regarding image 
interpretation.” 

Therefore, the elements that can improve the 
process of needle visualization can be classified 
into: 

* improvements in echogenicity of the 
needle, such as the type of needle, the 
diameter, length, place and angle of inser- 
tion or orientation with regard to the probe 

¢ technical improvements related to the 
transducer resolution (dependent on the 
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density and type of piezoelectric crystals) 
and ultrasound equipment, as well as the 
processor on the device, and the presence 
ofthe Doppler or the B-Steer system, which 
improves ultrasound beam reflection 

¢ improvements in the abilities of the profes- 
sional, such as the use of phantoms and 
simulated application on cadavers. 


KEY POINTS 


Correct needle visualization is essential in order 
to ensure the safety and efficacy of ultrasound- 
guided invasive techniques in physical therapy. 


7.5.1 Type of needle 


The needles used in ultrasound-guided physio- 
therapy techniques are conventional (see chapter 
2), in contrast with the new echogenic improve- 
ments that are used, for instance, in the field of 
anaesthesia.““*? Echogenic needles are engi- 
neered to increase the reflection of ultrasound 
waves back towards the transducer. T he materi- 
als and type ofneedle used determine the increase 
in echogenicity. Future avenues of research for 
improving visualization include the development 
of more echogenic needles in musculoskeletal 
ultrasound intervention. 


7.5.2 Needle gauge 


A larger-calibre needle is more easily visualized 
for two reasons: firstly, because it causes a greater 
change in acoustic impedance and secondly, 
because the needle can intercept the ultrasound 
beams better and therefore there is a greater 
probability of the beam being reflected again to 
the transducer and provoking a brighter signal. 
Nonetheless, it is important to consider that a 
larger-calibre needle causes more discomfort for 
the patient during both insertion and advance- 
ment of the needle within the tissue. 

The needles commonly used in invasive phys- 
iotherapy techniques, such as dry needling or 
percutaneous needle electrolysis, have a diame- 
ter of 0.30 mm, 0.32 mm or 0.35 mm. During 
injection techniques, the most commonly used 
needle has a diameter of 0.80 mm (21G) or 
1.3 mm (18G). 


7.5.3 Needle length 


In general terms, longer needles are easier to 
visualize than smaller needles as they generate a 
greater ultrasound reflection.*° However, this 


can generate more discomfort for the patient, as 
more tissue has to be penetrated in order to 
reach the target. 


7.5.4 Insertion angle, insertion site 
and echogenicity 


The angle and site of the needle insertion, in 
relation to the transducer, play a critical role in 
optimizing needle visualization (figure 7.15).*7” 
By following these recommendations an opti- 
mum and reliable needle approach is obtained. 

In theory, the best image is obtained when the 
ultrasound beam emitted by the probe and the 
needle are situated at 90° from each other. If 
the needle is inserted too close to the probe 
or the angle is excessively perpendicular (acute) 
to the skin, the ultrasound beams will not contact 
properly with the needle and visibility will be 
reduced. Shaft visibility decreases more sharply 
than tip visibility. Identification of the needle tip 
is more difficult when a more oblique trajectory 
is used to reach targets found at a deeper level. 

A series of recommendations can be estab- 
lished for approaching the structures of the mus- 
culoskeletal system susceptible for treatment 
with invasive physiotherapy techniques (see sec- 
tions 7.6.4 and 7.6.5). 


KEY POINTS 


Needle tip and shaft visibility decrease gradually 
with steeper angles. 


7.5.5 Needle bevel orientation 


Certain techniques call for the use of bevelled 
needles (for example, during infiltrations); in 
these cases, needle bevel orientation is an impor- 
tant consideration for enhancing needle tip vis- 
ibility. Needle tip visibility is better when the 
bevel opening is oriented either directly facing 
the ultrasound beam (0°) or facing 180° away 
from the beam.*°”° 


7.5.6 Hydrolocation 


Hydrolocation involves injection of a small 
amount of fluid (0.5—1 mL) in order to confirm 
needle tip position via the production of both 
tissue movement and the appearance of a small 
anechoic ‘pocket’.' The needle tip (which 
appears as a bright echogenic structure) is high- 
lighted by the contrast between it and the ane- 
choic pocket of fluid. For this purpose, sterile 
water can be used as well as normal saline, an 
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FIGURE 7.15 = Insertion angle of the needle. The definition of the image obtained on the ultrasound (rectangles 
on the right) varies according to the insertion angle. The more perpendicular the angle between the needle (90°) 
and the ultrasound beam (probe), the better the visualization of the needle. (Colour version of figure is available 


online). 


injection of local anaesthetic or 5% dextrose. 
Further injection of fluid also aids in opening up 
the space between anatomical structures (hydro- 
dissection), thus creating an obstacle-free path 
for further needle repositioning. 


7.5.7 Needle—beam alignment 


The approach or orientation of the needle rela- 
tive to the transducer can be longitudinal or 
transverse (see sections 7.6.4 and 7.6.5). In both 
cases it is important to align the needle ade- 
quately in relation to the transducer so that the 
ultrasound beam can ‘find’ the needle and prop- 
erly reflect the image on to the screen (figure 
7.16). If the needle is not correctly visible after 
insertion, it may be helpful to perform slight 
tilting or rotation movements in order to ‘find’ 
the needle. 


7.5.8 Doppler ultrasound 


Movement of an object within an ultrasound 
beam produces a Doppler shift in the frequency 
of the reflected echoes. The Doppler function 
available on most modern ultrasound machines 
modulates this frequency shift into a colour 
signal, and is commonly used to detect blood 
flow. It may also be used to locate a moving 
needle tip against a stationary background 
as small advances and withdrawals (‘chicken- 
pecking’ technique) will cause the needle to 
appear highlighted in colour (figure 7.17).-? > 





FIGURE 7.16 =» Probe needle alignment. Small move- 
ments of the probe enable correct alignment of the 
ultrasound beam in relation to the needle. (Colour 
version of figure is available online). 


7.5.9 Electronic beam steering 


T he needles that penetrate the tissues with exces- 
sive tilt angles produce reflections in the more 
distal part that escape from the probe, thus not 
contributing to the formation of the image. Elec- 
tronic beam steering is a technology that allows 
the ultrasound beam to be tilted relative to the 
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FIGURE7.17 =» Doppler. The Doppler mode helps to dis- 
tinguish the needle (represented by the discontinuous 
line), detecting its movement. (Colour version of figure 
is available online). 








transducer, therefore increasing the needle beam 
angle of incidence towards 90°, for example. The 
ultrasound systems by GE Healthcare offer a 
beam-steering function (B-Steer) designed to 
improve needle visibility” (figure 7.18). 


7.5.10 Phantom training 


In ultrasound, phantoms are models that simu- 
late a body part or structure and that are used to 
improve the factors affecting the approach and 
visibility of a needle during ultrasound-guided 
interventions. Phantom training enables the 
practice of simulated interventions so that they 
do not have to be performed for the first time 
on the patient. It also serves to improve the con- 
fidence of the professional, as well as to develop 





FIGURE7.18 = B-Steer. (A) (a) Conventional orientation ofthe ultrasound beam. (b) Lateralization ofthe ultrasound 
beam 30° towards the needle. (B) (a) B-Steer deactivated in a longitudinal approach over the Achilles tendon. (b) 
B-Steer activated. (Colour version of figure is available online). 
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FIGURE 7.19 =» Simulated application on a cadaver. 
(Colour version of figure is available online). 


eye—hand coordination during application of the 
technique.” 

Different types of phantom exist: homemade 
built models,’ blue phantoms or anatomical 
models (for example, a lumbar spine). For train- 
ing purposes it is also possible to use turkey legs 
or pig feet. 


7.5.11 Cadaver training 


Apart from the phantoms, there are other options 
available to help professionals improve their dex- 
terity and interventional skill, such as cadaver 
training’**’ (see chapter 3) (figure 7.19). For this 
purpose, unembalmed cadavers are preferred — 
the ‘fresher’ the cadaver, the better. This type of 
training has great value, as inferred by the study 
by Peuker and Grénemeyer,” which concludes 
that all the traumatic lesions described in the 
review could have been avoided if the profes- 
sionals had a better knowledge of theoretical and 
applied anatomy. T his knowledge constitutes an 
important factor of the ongoing quest of provid- 
ing efficient and safe treatment. 


7.6 NEEDLE APPROACH TECHNIQUES 


Before describing the procedure and the differ- 
ent types of needle approach techniques availa- 
ble, it 1s necessary to establish the terminology 
and a series of general considerations: 


7.6.1 Terminology 


¢ Probe position relative to the anatomic 
structure: 
° longitudinal 
° transverse 


¢ Needle position relative to the probe: 
¢ in-plane (long axis): needle parallel to the 
probe’ long axis 
¢ out-of plane (short axis): needle parallel 
to the probe’s short axis. 


7.6.2 General considerations 


¢ Before beginning treatment, the profes- 
sional and patient must be positioned prop- 
erly, comfortably and safely. 

¢ The ultrasound device must be placed 
directly facing the professional (whether 
on the same side as the approach area or on 
the contralateral side). The aim is to avoid 
the operator having to turn his or her trunk 
or head in order to see the screen. 

¢ The professional must be situated on 
the same side as the area of the needle 
approach. 

¢ Soft lighting is preferable in order to facili- 
tate visualization of the image on the 
screen. 

¢ The probe is usually managed with the 
non-dominant hand and with the needle 
held in the dominant hand. 

¢ The probe must be held firmly and as close 
as possible to the contact surface. The pro- 
fessional’s transducer hand and fingers 
should be resting on the patient to prevent 
unintentional slipping of the transducer, 
and reduce fatigue as well as unintentional 
transducer movement. 

¢ The target structure must be clearly visible 
and must correlate with the clinical history 
and physical exam of the patient. Sono- 
palpation is recommended. 

¢ Ifthe patient presents diffuse pain over the 
region, invasive approaches are not advised. 

¢ It is important to establish the position of 
the probe once the desired image of the 
target structure is obtained. 

¢ Place the target area in the centre of the 
screen, or as close as possible to the theo- 
retical path of the needle. 

¢ Measure the distance between the skin and 
the target in order to select the appropriate 
needle (see clinical case, chapter 4). 

¢ In general, the path of the needle must be 
the shortest distance between the skin and 
the target area in order to minimize risks. 

¢ The transducer must always be moved in 
order to ‘find’ the needle, and not the 
other way around. It is not recommended 
to move the probe and the needle at the 
same time. 

¢ The visualization of the shaft and the 
needle tip decreases gradually with the 
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FIGURE 7.20 = Echo-localization of the needle with the 
help of electrolysis. Observe the hyperechoic image of 
the needle after application of a minimal dosage and 
its comparison regarding the conventional image and 
with B-Steer activated (figure 7.18). 


angle of the needle tip, with the shaft less 
visible than the tip. 
¢ The needle must not be advanced unless 
the tip is identified or visualized. 
¢ It is usually difficult to maintain visualiza- 
tion of the exact location of the needle 
during the entire process of advancing the 
needle and, in most cases, its localization is 
determined by a series of indirect signs, 
such as: 
° movement of the tissues produced by the 
needle advancing 
¢ visualization of a posterior acoustic 
shadow or a comet tail (artefacts) coin- 
ciding with the tip at the same time as 
the needle advances. 
¢ It is important to develop a ‘feel of depth’ 
with the needle. 
¢ Percutaneous needle electrolysis tech- 
niques, such as EPI®, allow the profes- 
sional to confirm the location of the needle 
tip by applying minimal doses of electric 
current,°’ which causes the needle to 
become more hyperechoic (figure 7.20). 
¢ Save the images and/or videos with the 
information relating to the patient, the ana- 
tomical area, the side (right/left) and the 
date of the procedure. 


7.6.3 Description of the invasive 
ultrasound-guided technique 


In order to perform an invasive technique cor- 
rectly with ultrasound guidance, professionals 
are obliged to switch their attention methodi- 
cally (on-off) between two elements throughout 
the procedure. These are the needle—probe 
ensemble and the ultrasound screen. T he follow- 
ing sequence of steps is recommended: 
1. Visualize the image in the target area of 
the screen (screen ‘on’). 
2. Maintain the probe in that plane (do not 
move the transducer), hold the needle (or 


needle holder) and pay attention to the 
correct alignment of the needle with the 
probe (needle—probe: ‘on’). Do not focus 
attention on the screen (screen: ‘off). 
3. Insert and perform a slight advancement 
of the needle over the skin (screen: 
‘off?). 
4. Visualize the tip of the needle on the 
screen (screen ‘on’). Needle—probe: ‘off’. 
5. Begin advancing the needle towards the 
target. Small changes in the pathway can 
be performed based on feedback from the 
screen (screen: ‘on’), paying special atten- 
tion to the position of the needle and the 
probe (needle—probe: ‘on’). In this proce- 
dure, eye—hand coordination is essential. 
Maintain the needle aligned with the probe 
in order not to lose the needle from the 
plane of the ultrasound beam. 
¢ If the needle tip disappears during the 
procedure, the needle must not be 
advanced any further. It is recommended 
to: (1) withdraw the needle partially and 
slightly change the trajectory or (2) redi- 
rect the probe (see section 7.2.8) until 
the needle is once more identified. As a 
general rule, do not move the needle in 
order to find the probe. T he professional 
must advance towards the target struc- 
ture only when the needle ‘appears’ on 
the screen. 

¢ Ifthe whole needle is lost, withdraw the 
needle in order to find the best possible 
approach and to realign the needle with 
the plane of the ultrasound wave. In the 
case of a novice practitioner, different 
linear array transducers may negatively 
influence the performance of ultrasound- 
guided needle advancement.” In these 
cases a standard 38-mm transducer is 
preferred to a 25-mm_ hockey stick 
transducer. 

6. Apply the invasive physiotherapy tech- 
nique to the target tissue. 

Box 7.1 lists the tasks that are helpful for per- 
forming invasive ultrasound-guided physiother- 
apy techniques. 


7.6.4 In-plane approach 


The in-plane approach is also named the longi- 
tudinal or long-axis approach. 


Characteristics 


¢ The needle passes below the transducer 
following its longitudinal axis (long axis) 
(figure 7.21A and B). 
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Ten helpful tasks for 
performing invasive 
ultrasound-guided 
physiotherapy techniques 


. Visualize structures of interest on longitudinal 
and transverse planes 

. Identify the target area 

. Practise safety measures to reduce risks related 
to invasive techniques (i.e. Doppler, appropri- 
ate needle selection) 

. Plan for a needle approach (in-plane or out- 
of-plane) that avoids unnecessary tissue trauma 

. Ensure an aseptic technique 

. Follow the tip of the needle under real-time 
visualization as it advances toward the target 

. Confirm that the needle tip is in the target 

. Apply the technique (mechanical and/or elec- 
trical stimulation) 

. Save the images and/or videos 


¢ The optimal position of the target struc- 
ture on the ultrasound screen is on the 
opposite side of the needle insertion and 
must coincide with the dominant eye. 


7.6.5 Out-of-plane approach 


The out-of-plane approach is also called the 
transverse or short-axis approach. 


Characteristics 


¢ The needle passes beneath the probe 
following its transverse axis (short axis) 
(figure 7.25). 

¢ The tip is only observed as a bright point 
(hyperechoic) (figure 7.25) (video 7.2). The 
needle shaft is not visible. 

¢ In general, the needle tip is better visual- 


. Revisualize structures on long- and short-axis 


imaging 


The entire needle and the tip are visualized 
(figure 7.21B) (video 7.1). 

The longitudinal approach requires the 
needle to be perfectly aligned with the 
transducer and the structure (figure 7.22A). 
If the needle alignment with the transducer 
is not correct, it is possible that what is 
identified as the tip is actually a part of the 
needle shaft (figure 7.22B) or that it has 
been left outside the plane of the ultra- 
sound (figure 7.22C). 

In general, the needle shaft and its tip are 
more visible when inserted at an angle of 
less than 30° (figure 7.23). 

If the structure is superficial (e.g. patellar 
tendon, Achilles tendon, rotator cuff), it is 
recommended to insert the needle close to 
the probe (approximately | cm apart) in the 
most parallel angle as possible that allows 
for an approach on the target structure 
(figure 7.24A). In this manner, the distance 
to the target structure decreases, and there- 
fore the potential risks decrease and the 
discomfort is lessened. 

If the structure is deep (e.g. rectus femoris, 
joint hamstrings tendon), it is recom- 
mended that the point of introduction of 
the needle into the skin is not too close to 
the probe so that the insertion angle is not 
too acute. It is suggested that the insertion 
point be at a distance from the probe equal 
to the depth of the target (figure 7.24A): Le. 
if the target is found at 2 cm depth, the 
needle will be inserted at 2 cm from the 
probe. 


ized when the angle of insertion is greater 
than 60° (figure 7.26). 

Whether the structure is superficial or 
deep, move the needle as close as possible 
to the transducer, seeking the most perpen- 
dicular insertion angle possible to facilitate 
visibility of the needle tip (figure 7.24B). 
It is important to develop the perception of 
the depth of the needle. Otherwise it is 
possible that what is identified as the needle 
tip is, in reality, part of the needle shaft, 
with the associated risk of puncturing a 
neighbouring structure (figure 7.27). 

A ‘walk-down’ technique has been sug- 
gested to aid out-of-plane needle tip visu- 
alization during the transverse needle 
approach (figure 7.28). This consists of 
inserting the needle at a distance from the 
transducer equivalent to the depth of the 
target, so that the tip will eventually inter- 
sect the ultrasound beam and target at a 
trajectory angle of approximately 45°. The 
initial insertion angle should, however, be 
shallow so as to facilitate detection of the 
needle tip. The needle is then incremen- 
tally angled and ‘walked down’, with the tip 
visualized at progressively greater depths 
until the target is reached.®’ Potential dis- 
advantages of this technique include the 
need for multiple needle passes and a long 
needle track to reach deeper targets, both 
of which may increase patient discomfort. 
The optimal position of the target struc- 
ture on the ultrasound screen is at its 
middle. It is advisable to keep the region of 
interest at the centre of the screen and 
puncture the skin at the centre of the probe 
to improve needle localization during the 
procedure. The needle is identified via the 
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FIGURE 7.21 = (A) Longitudinal approach or long axis. Application on the patellar tendon. The top right image 
displays the direction of the needle and how it passes beneath the probe. (B) Longitudinal approach or approach 
on the long axis over the supraspinatus tendon. (C) Longitudinal approach or long-axis approach in (left) frontal 
view and (right) lateral view. (Colour version of figure is available online). 





FIGURE 7.22 = Alignment of the needle with the probe in a longitudinal approach. (A) Correct alignment and tip 
of the needle over the target tissue. (B) Correct alignment and tip of the needle situated just outside the target 
tissue. (C) Incorrect alignment. Tip of the needle outside the plane. (Colour version of figure is available online). 
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FIGURE 7.23 = Insertion angle of the needle in a longitudinal approach. The visualization of the needle improves 
the more parallel it is to the skin (30° compared to 45°), but this requires going through more tissue. (Colour 
version of figure is available online). 
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FIGURE 7.24 = Insertion angle in (A) longitudinal approach and (B) transverse approach. Superficial and deep 
structures. (Colour version of figure is available online). 
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FIGURE 7.25 = (A) Transverse or short-axis approach seen from a frontal view (left) and a lateral view (right). (B) 
Transverse or short-axis approach on the extensor carpi radialis brevis tendon and the humeroradial capsule. 
The white arrow marks the hyperechoic point that identifies the tip of the needle. (Colour version of figure is 
available online). 
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FIGURE 7.26 = Insertion angle of the needle in a transverse approach. The area of needle visualization (rectangle) 
is greater the more perpendicular the insertion is on the skin. (Colour version of figure is available online). 





FIGURE 7.27 =» Alignment of the needle with the probe in a transverse approach. (A) Correct alignment and tip of 
the needle over the target tissue. (B) Correct alignment and tip of the needle outside the plane. (C) Correct align- 
ment and tip of the needle situated just outside the target tissue. (Colour version of figure is available online). 








ral aed ee) 


FIGURE 7.28 = (A—D) The ‘walk-down’ technique. (Colour version of figure is available online). 
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ring-down artefact, shadowing or by jig- 
gling the needle. Sliding or fanning the 
probe may also help. 


7.6.6 In-plane versus out-of-plane 
approach (table 7.1) 


When should the transverse or 
longitudinal approaches be used? 


Within the techniques of invasive physiotherapy, 
the selection of one or other approach will 
depend on the professional’ choice, considering 
that: 
¢ The superiority of one approach over the 
other has not been demonstrated. 
¢ The longitudinal approach allows for 
complete visualization of the shaft and 
the needle tip and is the usual approach 
selected by physiotherapists, although the 
transverse approach enables a more three- 
dimensional image. 
¢ The longitudinal approach is usually easier 
to perform than the transverse approach. 
¢ The longitudinal approach comes with the 
inconvenience that the muscle planes that 
are crossed are greater than with a trans- 
verse approach, which could lead to greater 
patient discomfort. 
¢ The transverse approach is commonly used 
in small joints such as the acromioclavicular 
joint or the interphalangeal joints. 
¢ Nerve stimulation may be especially suited 
to the out-of-plane approach. 
¢ A small footprint of the probe (‘hockey 
stick’) (figure 7.1B) is occasionally more 
advantageous for in-plane needle advance- 
ment, allowing professionals to place the 
needle entry closer to the target and thus 
also shortening the distance to the target. 


¢ There are structures for which, due to their 
characteristics, one is almost ‘obligated’ to 
use a certain type of approach, such as the 
longitudinal approach of tendons during 
percutaneous needle electrolysis, in order 
to ensure that the tissue repair occurs in the 
correct direction or, for instance, the use of 
the transverse approach for interventions 
on the pubic symphysis. 


7.6.7 Anterograde-retrograde linear 
threading approach 


The anterograde or retrograde linear threading 
approach establishes a needle direction in rela- 
tion to the target structure; this can be either 
in front of the target (anterograde approach) 
(figure 7.29) or from the target backwards (ret- 
rograde approach). In this case, once the needle 
is inserted into the target location, the tissue is 
stimulated in a retrograde fashion (e.g. deep 
fascia/paratenon of the Achilles tendon and 


Kager’s fat pad) (video 7.3). These techniques 


are performed on their own or in combination 
depending on the location to be treated. 


7.6.8 Grid approach 


T his approach is, in fact, a strategy that the pro- 
fessional may establish in order to optimize 
application of the invasive technique upon the 
target tissue. It consists of imagining the target 
structure being divided into a grid in order to 
select one area (or several areas) for treatment 
(figure 7.30). 


7.6.9 Indirect approach 


The indirect approach or indirect technique can 
be used for superficial structures, such as the 





TABLE 7.1 Comparison of in-plane and out-of-plane approaches 
Approach Advantages Disadvantages 
In-plane Most direct visualization. It allows Partial line-ups (creating a false sense of 


visualization of the entire needle, 
including its tip 


The amount of unimaged needle path is 


typically small 
Better in tendons 


Out-of-plane 
approaches 


Simultaneous anterior—posterior and 


Shorter needle path than with in-plane 


security when the needle tip is not 
correctly identified) 

Requires more space for probe and needle 
placement 

Longer paths and therefore the needle 
passes through more structures 

Unimaged needle path, crossing the plane 
of imaging without recognition 

Requires more eye—hand coordination 


lateral-medial perspective of the structure 
Most similar to other approaches (palpation) 
Useful in limited spaces at region of interest 
Better in small joints and nerve stimulation 
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FIGURE 7.29 =» Longitudinal approach in anterior tracing over the extensor carpi radialis brevis tendon. (A) The tip 
of the needle is visible. (B) It is advanced towards the target tissue. 





FIGURE 7.30 = (A, B) Grid approach on the patellar tendon. 
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acromioclavicular joint, or in those areas where 
the use of the probe and the needle is not viable. 
T his consists of: 
¢ evaluating and identifying the target struc- 
ture with the help of the ultrasound machine 
¢ marking the limits of the target using a skin 
marker 
¢ inserting the needle between the limits 
without the help of the ultrasound 
¢ applying invasive physiotherapy treatment 
without ultrasound guidance. 
The indirect approach cannot be considered 
ultrasound- guided or ultrasound-directed. 


7.6.10 The freehand approach or the 
use of a support system on the probe 


The techniques of invasive physiotherapy are 
usually applied bimanually. In other words, the 
probe is handled with one hand (non-dominant 
hand) and the needle with the other (the domi- 
nant hand). This is what is commonly known 
as the ‘freehand technique’ although, paradoxi- 
cally, it 1s a procedure that does not leave the 
professional with any free hand for manipulating 
the ultrasound. It is necessary to set down the 
transducer in order to manipulate the machine, 
or, ideally, it requires two people in order to 
apply the ultrasound-guided procedure.” © 
The other system that can be used is that in 
which the needle 1s attached to the probe through 
a guide. T his method has been developed mainly 
in anaesthesia and allows the professional to 
keep one hand free and achieve a better align- 
ment with the needle and the ultrasound beam. 
The inconvenience is that this requires a longer 
needle and as a result, this may affect the profes- 
sional’ kinaesthetic sense during needle inser- 
tion (see wand effect, chapter 2, section 2.1). 


7.7 ARTEFACTS 


The puncture needle usually presents a posterior 
acoustic shadow or comet tail (artefacts) (see 
chapter 5) which coincides with the tip (figure 
7.13), at the same time as it advances within the 
tissue. 


7.8 ADVANTAGES AND 
DISADVANTAGES OF ULTRASOUND- 
GUIDED PROCEDURES 


related to 
there are a 


Despite the great advantages 
ultrasound-guided procedures, 
number of related difficulties. 


7.8.1 Advantages 


In relation to the patient: 
¢ It is a safe and effective procedure. 
¢ It is a procedure without ionizing 
radiation. 
In relation to the professional: 
¢ It allows for real-time visualization of the 
needle position and application of the 
technique. 
¢ It provides improved results. 
In relation to the administration: 
¢ There is a good quality/cost relation. 


7.8.2 Disadvantages 


In relation to the professional: 
¢ It is operator-dependent. Ultrasound 
imaging examinations require operators 
to possess extensive knowledge regarding 
normal anatomy so that abnormal condi- 
tions can be easily recognized. For example, 
if the professional fails to perform examina- 
tions correctly, this may put patients at risk 
of having further unnecessary techniques. 
Reliability studies are necessary to deter- 
mine the various pitfalls and the strategies 
available to improve examinations. 
¢ The learning curve is slow. 
¢ Invasive ultrasound-guided techniques 
require extensive hands-on experience in 
order to handle the ultrasound probe 
and the needle (or the needle holder) 
simultaneously. 
In relation to the technique, there is: 
¢ Limited field of view. 
¢ Incomplete assessment of the bone and the 
joints. 
¢ Limited penetration. 
¢ Difficulty performing the ultrasound- 
guided application in certain small areas 
with the conventional probes, as there is a 
lack of available space. In these cases, the 
use of small linear probes (hockey stick 
type) (figure 7.1B) or the indirect approach 
(see section 7.6.9) are options worth 
considering. 
In relation to the devices: 
¢ Devices have variable quality and cost. 


KEY POINTS 


Due to the enormous advantages of ultrasound- 
guided procedures, they should be the methods 
of choice for the variety of invasive techniques 
of the musculoskeletal system. 
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FIGURE 7.31 = Algorithm: procedures for improving image 
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and the image on screen 
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Procedures for improving 
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. Type of needle 
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visualization and summary tables of the procedures 


for improving needle identification, target area and the safety of the application. 


7.9 ALGORITHM 


The most relevant characteristics of the 
ultrasound-guided procedures in physiotherapy 
are shown in an algorithm”’ in order to facilitate 
the decision-making process for the physiother- 
apist with regard to the process of improving the 


image, together with a summary table for the 
remaining considerations (figure 7.31). 
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DRY NEEDLING OF 
MYOFASCIAL TRIGGER POINTS 


Orlando Mayoral del Moral « Isabel Salvat Salvat 


We hit each trigger area with a hypodermic needle attached to an empty syringe; 
we used a rapid peppering motion in the same manner as when injecting a solution. 


That dry-needling worked too. 


JANET G. TRAVELL (OFFICE HOURS: DAY AND NIGHT. 
THE AUTOBIOGRAPHY OF JANET TRAVELL, M.D., P. 258) 


CHAPTER OUTEINE 


8.1 INTRODUCTION 


8.2 CLASSIFICATION OF DRY NEEDLIING 

AND ITS MODALITIES 

8.2.1 Baldry’s superf cial dry 
needling technique 

8.2.2 Fu’s subcutaneous 
needling technique 

8.2.3 Hong’s fast-in and fast-out 
DDN technique 

8.2.4 Gunn’s intramuscular 
stimulation technique 

8.2.5 DDN miniscalpel-needle 
release technique 


8.3, DIAGNOSTIC IMPORTANCE OF DRY 
NEEDUNG 


KEYWORDS 


dry needling; myofascial pain syndrome 
(MPS); myofascial trigger points 
(MTrPs); local twitch response. 


8.1 INTRODUCTION 


Dry needling (DN) is a treatment technique 
consisting of the introduction of different types 
of needles through the skin and into the body, 
without injection or extraction of substance or 
fuid. In other words, the mechanical stimulus 
of the needle alone is used, and this causes a 


8.4 THERAPEUTIC EFFECTIVENESS AND 
INDICATIONS OF DRY NEEDUING 


8.5 MECHANISMS OF ACTION OF DRY 
NEEDLING IN MYOFASCIAL TRIGGER 
POINTS 
8.5.1 Mechanisms of action of 

superf cial dry needling 
8.5.2 Mechanisms of action of 
deep dry needling 


8.6 CLINICAL CASE 


8.6.1 Dry needling in a case of 
temporomandibular pain 


8.7 REFERENCES 


series of effects on the subject, with the goal of 
treating different pathologies.'* Although an 
increasing number of treatment indications are 
being discovered for this technique,” until now, 
the major developments in the use of DN have 
come with the treatment of myofascial pain syn- 
drome (MPS), which represents the main field 
of action.° 

MPS is defined as the ensemble of symptoms 
and signs caused by myofascial trigger points 
(MTrPs).° When a patient is diagnosed with 
MPS, it is important to specify the muscle, 
muscle group and anatomical region where the 
MTrPs considered responsible for the MPS are 
to be found. 

An MTrP is clearly defined as an hyperirrita- 
ble focal point found on a taut band of muscle 


20) 
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FIGURE 8.1 = Patterns of referred pain pertaining to (A) the infraspinatus muscle and (B) the trapezius muscle. The 
‘+? marks represent the most common locations of the myofascial trigger points (MTrPs). The area shaded in 
black represents the region where the patient feels the pain when the MTrP is active. (Adapted from: Simons et al.°). 


(Colour version of f gure is available online). 


fibres® and which produces signs of hyperalgesia 
and, frequently, of allodynia, when it is mechani- 
cally deformed with stimuli such as compression. 
It may even provoke other symptoms or signs, 
such as referred pain (figure 8.1), motor disor- 
ders (e.g. inhibition, weakness, movement 
restriction,° disorder in patterns of motor activa- 
tion’*) and autonomic alterations.° 

Currently, the most accepted aetiopathogenic 
theory on the development of MTrPs is known 
as the integrated hypothesis, formulated by 
David Simons in 1996,’ and _ thereafter 
extended.®'’'’ According to this hypothesis, 
MTrPs are small contractures caused by dysfunc- 
tions in the motor end-plates, capable of generat- 
ing tension in the band where they are located. 
These dysfunctions are characterized by an 
excessive activity of acetylcholine, which could 
be due to different problems at presynaptic, syn- 
aptic and postsynaptic levels.'> The tension 
created by the contractures of the sarcomeres 
causes hypoxia and localized deterioration of 
the tissues, which is accompanied by pH acidity 
and liberation and accumulation of multiple sen- 
sitizing and nociceptive substances,'* causing 
peripheral sensitization. These processes are 
responsible, firstly, for the exquisite local pain of 
MTrPs and, secondly (after inducing central sen- 
sitization), for the referred pain which is charac- 
teristic of MTrPs.'°"” 

According to this hypothesis, MTrPs consti- 
tute a clear example of a self-perpetuating phe- 
nomenon,'’”'*'® independently of the fact that 
their original causes may have disappeared.° 
This complicates the task of their inactivation 
and elimination, and explains why DN tech- 
niques can be more effective than conservative 


treatments.'”*! This tendency for  self- 
perpetuation also supports the idea that the 
treatment of MPS must consist of two phases”: 
a first stage, in which there is an attempt to 
control the pain via treatment of the relevant 
MTrPs for that MPS, and a second stage, in 
which all the aetiological and perpetuating 
factors of the MTrPs are attempted to be both 
controlled and eliminated.°”” 

As will be revealed, DN has proven to be 
effective in the treatment of MTrPs, which, as 
has been explained, only represents the first 
phase of treatment for MPS.*” This first phase 
is essential, but frequently insufficient, particu- 
larly in the management of chronic cases. 


8.2 CLASSIFICATION OF DRY 
NEEDUING AND ITS MODALITIES 


There are various DN modalities known for the 
treatment of MTrPs, and these can be classified 
in different ways, according to the various clas- 
sification criteria.” The most commonly used 
classification criterion is the depth of needle 
insertion, or, more exactly, the distinction of 
whether the needle reaches the MTrP or whether 
it stays on the tissues lying directly above it.’ 
According to this, the different DN modalities 
can be classified into two categories”: 
¢ superficial DN (SDN) techniques, in 
which the needle does not reach the 
MTrP and stays in the tissues immediately 
overlying it 
¢ deep DN (DDN) techniques, in which the 
needle reaches the MTrP and _ passes 
through it. 
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Examples of SDN are Peter Baldry’ tech- 
nique,’ and Fu’s subcutaneous needling tech- 
nique.°*’ Examples of DDN are Hong’ fast-in 
and fast-out technique, **’ Gunn’s intramuscular 
stimulation technique’ and the miniscalpel- 
needle release technique.*'”” 


8.2.1 Baldry’s superf cial dry 
needling technique 


In the early 1980s, the acupuncturist Peter 
Baldry was treating a patient with arm pain due 
to MPS in the anterior scalene muscle. Fear of 
producing a pneumothorax led Dr Baldry to 
avoid introducing the needle as far as the muscle. 
Instead, he decided to place it only as far as the 
superficial tissues overlying the MTrP, leaving it 
in for a short period of time. As a result, on 
removing the needle, he found that both the 
hyperalgesia of the MTrP and the arm pain had 
disappeared.*°*** After this success, he decided to 
try it on other parts of the body, where it proved 
to be just as successful in deep muscles, not only 
for decrease in pain, but also, according to his 
subsequent reports, for disappearance of any taut 
band existing prior to treatment.**?* 

T he application of the technique differentiates 
between patients who are more or less sensitive 
to it, known as so-called weak, medium and strong 
responders (see chapter 2). Strong responders 
are very sensitive to the technique and can experi- 
ence a negative response if the stimulation is too 
intense. As it is impossible to predict the category 
of specific patients, Baldry recommends that, in 
the first session, a stimulation that sequentially 
increases in intensity be used, according to the 
patient’s response, followed by a treatment of the 
different MTrPs one by one (of the indicated 
MTrPs), using the so-called ‘jump sign” and the 
amplitude of mobility as selection criteria to 
assess its effectiveness.~° T herefore, one begins by 
introducing the needle 5-10 mm deep into the 
tissues overlying the MTrP, and leaving it in place 
for 30 seconds before removal. If, upon removal, 
the jump sign persists, the needle is reintroduced, 
leaving it for 2-3 minutes, after which the per- 
sistence or disappearance of the jump sign is 
assessed. In the few cases where this sign may be 
found to persist (i.e. with weak respondents) the 
needle is reintroduced into the same place and 
left for longer, applying intermittent turns as a 
form of manual stimulation.” Although Baldry 
does not specify the duration of the application 
of the technique in weak responders, the recom- 
mendation, from our experience, would be 10-15 
minutes. 

Once the patient’ category has been deter- 
mined, the adapted technique is applied in 


subsequent sessions taking into consideration 
both the time and type of stimulation at this 
sensitivity, bearing in mind that various MTrPs 
can be treated at the same time (according to 
Baldry, this refers to all the active MTrPs found 
in the patient). 

Baldry recommends performing one session 
per week, except in cases of very severe pain, 
where treatments on alternate days are recom- 
mended. Normally, the duration of the effects 
from each session is progressively longer each 
time, allowing for either patient discharge or 
decrease in the frequency of treatments after the 
third session. This regime is also useful in cases 
of long-standing chronic pain, and it is possible 
for the treatment to be repeated every 4-8 weeks 
for an indefinite period. In the event that the 
treatment fails to achieve satisfactory results in 
the first three sessions, a review of both the diag- 
nosis as well as the therapeutic method used 1s 
recommended. 

In our opinion, one of the great advantages of 
Baldry’s SDN is the immediate rise in the pain 
threshold,'? which allows for application of 
manual techniques which are better tolerated 
and, therefore, have ahigher likelihood of success. 
In other words, SDN isan excellent and conven- 
ient complement to manual treatments.*”° 


8.2.2 Fu’s subcutaneous 
needling technique 


Fu’s subcutaneous needling technique, also 
known as the technique of f oating acupuncture 
or foating puncture, dates back to 1996. 
However, few studies have proven the usefulness 
of the technique for the treatment of MTrPs, 
except for two small studies by its developer. In 
these, the technique is described, with somewhat 
contradictory explanations as to its usefulness for 
the immediate relief of pain and function in 
patients with low-back pain*® and neck pain.” 
T he technique is performed with special needles 
of 1 mm diameter and 31 mm length, solid and 
with a bevelled tip (figure 8.2). T he entire needle, 
except for the tip (3 mm), is covered by a plastic 
tube similar to an intravenous catheter. In fact, 
Dr Fu has surmised that, if special needles are 
not available, common needles with intravenous 
catheters can be used instead.*’ The needle is 
inserted, approximately 7-8 cm from the MTrP 
that it seeks to treat,’ until it makes contact with 
the muscle layer. Immediately after this, it is 
removed several millimetres to avoid the needle 
touching the muscle or its fascia for the rest of 
the procedure. Subsequently, the needle is ori- 
ented completely into the horizontal plane and 
fully inserted into the subcutaneous tissue in the 
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FIGURE 8.2 =» Needle with catheter used in Fu’s subcu- 
taneous dry needling technique. (Colour version of 
f gure is available online). 


direction of the MTrP. In order to avoid the pos- 
sible scenario of the needle manipulations even- 
tually sectioning the tissue and causing bleeding, 
it is recommended to remove the needle slightly 
in relation to the catheter, so that the tip of the 
needle is covered by it. Then the clinician begins 
manipulating the needle by moving the handle 
from one side to another in parallel to the skin 
of the patient, which will generate a ‘windscreen 
wiper’ movement of 25—-35° amplitude. This 
movement is repeated 200 times for 2 minutes, 
after which the needle is removed, leaving the 
catheter inserted and fixed with surgical tape to 
avoid it falling out. The catheter is left in the 
subcutaneous tissue for a variable amount of 
time, 2—8 hours in acute cases, and 24 hours in 
chronic cases. According to Fu and Xu, in acute 
cases a single treatment may be sufficient, while 
in chronic cases, several treatments may need to 
be repeated on alternate days.”’ 

The manipulation applied to the needle must 
be completely painfree and it must be able to 
produce a decrease in the patient’s pain. If move- 
ment of the needle causes pain, the needle should 
be repositioned, as it is possible that the needle 
is inserted either too superficially or too deeply.”’ 
In our opinion one must be extremely careful 
with asepsis when using this technique, both 
before inserting the needle as well as afterwards, 
together with leaving the catheter in the subcu- 
taneous tissue. More precisely, it is recom- 
mended to use the cap usually administered with 
these types of needles in order to close the handle 
of the catheter and cover everything with sterile 
dressing (preferably made of polyurethane), so as 
to minimize the risk of infection. 


8.2.3 Hong’s fast-in and fast-out 
DDN technique 


Chan-Zern Hong’s DDN technique, known as 
the ‘fast-in and fast-out technique’, is probably 
one of the techniques that is most often used in 


the treatment of MTrPs. T his technique was ini- 
tially conceptualized as an infiltration technique 
for MTrPs.°** Dr Hong himself considers that it 
should be performed using intramuscular or 
monopolar electromyographic needles, seeing 
as, In his opinion, the acupuncture needles are 
too fine and f exible for reliable execution of the 
technique (C-Z Hong personal communication). 
Nevertheless, correct training in the use of acu- 
puncture or DN needles enables correct use in 
the application of this technique. 

Once the MTrP is located and established as 
precisely as possible, the technique consists of 
inserting the needle until it passes through it, 
with the intention of provoking local twitch 


responses (LTRs) (video 8.1). Clinically, it is §& 


observed that speed is critical to obtain these 
LTRs, in that they are more easily obtained if 
the needle enters faster rather than slower.** T he 
needle has to be inserted quickly in order to 
provoke the LTR, and immediately after, a fast 
exit is recommended in order to try as far as 
possible to remove the needle from the taut band 
by the time the LTR occurs. If one wishes to 
change the direction of the puncture, the needle 
is removed from the taut band and the muscle, 
but not from the patient, leaving the tip of the 
needle in the subcutaneous tissue. The fast-ins 
and fast-outs of the needle are performed repeat- 
edly until either the LT Rs are exhausted, or the 
patient’s tolerance threshold is met. Some studies 
have demonstrated that the puncture or infiltra- 
tion of MTrPs is more effective if LTRs are 
provoked.*®?’ 


KEY POINTS 


The LTR is one of the most striking character- 
istics of MTrPs. It consists of provocation of an 
involuntary brief, transitory and isolated con- 
traction of the fibres that form the taut band 
when the MTrP is stimulated via determined 
manual explorations or rapid insertion of the 
needle. 


8.2.4 Gunn’s intramuscular 
stimulation technique 


This is not a simple needle manipulation tech- 
nique, but an entire diagnostic and therapeutic 
concept focused mainly on the treatment of 
chronic pain. According to Chan Gunn, MTrPs 
are always secondary to radiculopathy,” or, more 
extensively, to alteration of the nervous system.”* 
Although conceptually very different, the Gunn 
technique is very similar to the spinal segmental 
sensitization technique of Andrew Fischer,’ *! 
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FIGURE 8.3 =» Plunger recommended by Chan Gunn for 
inserting and manipulating needles, in the intramus- 
cular stimulation technique by said author. (Colour 
version of f gure is available online). 


from the point of view of the diagnostic and 
therapeutic protocol.” 

With regard to the technique of needling, 
Chan Gunn recommends the use of acupuncture 
needles that are inserted and manipulated using 
a plunger (figure 8.3), enabling fast ins and outs, 
in a manner similar to those recommended by 
Hong, but also adding twists to the needle in 
both directions once the needle has entered the 
MTrP (or ‘muscle knot’, according to Gunn’s 
own terminology) or even percutaneous elec- 
trostimulation through the plunger using a 
dermometer. 


8.2.5 DDN miniscalpel-needle 
release technique 


A recent study’'analysed the effectiveness of a 
taut band release technique using a needle which 
was introduced in the year 2007°* and which is 
known as the miniscalpel needle. This study 
compared this technique with DDN in the treat- 
ment of MTrPs of the upper trapezius. The 
miniscalpel needle has a width of 1 mm (as 
opposed to the 0.30 mm of the acupuncture 
needle used in the study) and its tip is fat and 
sharp, similar to a scalpel blade. The results from 
the miniscalpel needle group were significantly 
superior to those of the DDN group at 3-month 
follow-up, and both were better than those of 
the control group, who performed self-stretching 
exercises for the upper trapezius (the self- 
stretching exercises were also performed by the 
subjects from both puncture groups). A previous 
study was unable to demonstrate the superiority 
of the results depending on the width of the 
needle used in the infiltration of MTrPs,* and 
therefore it is recommended that more studies 


are undertaken to support the results of using the 
miniscalpel needle before considering more 
widespread use of the technique. In any case, 
nowadays, because of its greater aggressiveness, 
its use could be proposed in cases that are unre- 
sponsive to acupuncture needles or DN. 


8.3 DIAGNOSTIC IMPORTANCE 
OF DRY NEEDUING 


There are several reasons why DN and, more 
specifically, DDN are of interest in diagnostics. 
The most obvious is its demonstrated capacity 
to provoke referred pain more effectively than 
other types of manual stimulation of the MTrP, 
such as compression,” contraction or stretching. 
Although the referred pain provocation is not 
considered to be an essential diagnostic crite- 
rion,’ clinically, it is tremendously useful as it 
establishes the greater or lesser relevance of the 
MTrPs, according to whether the provoked 
referred pain is or is not recognized by the 
patient as his or her habitual pain. T he superior- 
ity of DDN for the provoking referred pain 
from MTrPs is especially noticeable in deep 
muscles such as the multifidus or the supraspina- 
tus, in which manual stimulation rarely achieves 
this, and it thus becomes an invaluable diagnos- 
tic tool.' 

On the other hand, thanks to the well-known 
‘wand’ phenomenon,’ the needle becomes a 
palpation tool which allows the physiotherapist 
to ‘feel’ differences in the stiffness of the tissues 
which are explored'* (once one acquires experi- 
ence in its use). This could entail several advan- 
tages: from avoiding inserting the needle into 
the peritoneum, to treating the rectus abdominis 
(as one can ‘feel’ the posterior wall of the rectus 
abdominis sheath'), to avoiding touching the 
spinal dura mater by using contact with the 
vertebral lamina as a reference, among other 
examples. 


KEY POINTS 


According to the ‘wand’ phenomenon, described 
by Daniel Dennett,” when an object is touched 
through a wand or stick which is held in one 
hand, the complex kinaesthetic and tactile mech- 
anisms that are triggered allow one to feel 
through the wand, experimenting the (false) 
feeling of having nerve endings at the tip of the 
wand. 





Although LTRs are not considered to be 
essential criteria for the diagnosis of MTrPs, due 
to the low interexaminer reliability achieved in 
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published studies’ and the difficulty or impos- 
sibility of manually achieving them in deep 
muscles, they constitute a first-order finding of 
the presence of an MTrP, which some consider 
to be pathognomonic.® Apart from therapeutic 
interest in DDN,’ the finding of an LTR with 
a needle (and its visualization, whether it be 
direct in superficial muscles, or through ultra- 
sound in deeper ones) constitutes one of the 
main indicators of having performed the punc- 
ture of an MTrP, which implies an important 
support for diagnostics. 


8.4 THERAPEUTIC EFFECTIVENESS 
AND INDICATIONS OF DRY 
NEEDUNG 


One cannot emphasize enough the importance 
of the exact and precise diagnosis of MTrPs*” 
and of the MPS? in order to achieve effective 
DN. Without a good diagnosis, DN turns into 
an imprecise intervention with unpredictable 
results. 

Usually, Steinbrocker*® is cited as the first to 
have described the effectiveness of punctures 
without infiltration for the treatment of pain: 
‘The mere insertion of a needle somewhere in 
the region of pain, without introducing analgesic 
solutions, also has been reported to give frequent 
lasting relief’. Since then, a number of works 
have been published in which the effectiveness 
of DN has been exposed. Some have demon- 
strated an effectiveness of DDN similar to that 
of infiltrations of different substances for the 
treatment of MMTrPs.°* > This allows for 
extrapolation of the documented results of infil- 
trations to DDN. 

However, the reviews available on the effec- 
tiveness of DN always reach the same conclu- 
sions. Cummings and White, in their systematic 
review, conclude that direct puncture of MTrPs 
seems to be an effective technique, although it 
has not proved to be superior in effectiveness to 
placebo in clinical trials. These authors conclude 
that ‘controlled clinical trials are needed in order 
to investigate whether puncture has a greater 
effect than placebo on pain in MTrPs’. More 
recent systematic reviews on DN have come 
to similar conclusions.°**? Due to the invasive 
nature of DN, it is complicated to design double- 
blind controlled studies against placebo.**'® The 
different models of placebo needles and the sim- 
ulated puncture methods are called into ques- 
tion, as it is considered that all of them entail 
some kind of physiological stimulus which, 
therefore, disqualifies them from being authen- 


tic placebo.°° With this in mind, and in order to 
avoid this problem, our team carried out a ran- 
domized controlled trial, as opposed to a double- 
blind placebo on the effectiveness of DDN of 
MTrPs in the prevention of myofascial pain after 
total arthroplasty of the knee.”’ 

In our study, an expert examiner explored 40 
patients in search of MTrPs in the muscles of 
the lower extremity several hours before surgery 
for joint replacement. The patients were then 
assigned either to a group of real DDN or toa 
group of simulated DDN. Immediately after the 
anaesthesia and before commencing the surgical 
intervention, DDN was performed on all of the 
previously diagnosed MTrPs in patients belong- 
ing to the group of real DDN, whereas the 
patients from the group of simulated DDN were 
not provided with any treatment, although the 
physiotherapist who applied the DDN was in the 
surgery room throughout the anaesthesia process 
and simulated DDN immediately afterwards. 
Given that the patients could not feel a thing, 
they were completely blind regarding the 
assigned group, just as the examiner of the 
MTrPs was also blind throughout the presurgical 
explorations and during the follow-up at the 
first, third and sixth month after the interven- 
tion. The patients from the group of real DDN 
experienced less pain after surgery, with statisti- 
cally significant differences in the postsurgical 
request for analgesics (p = 0.02) and in the rate 
of change for the scores measured using the 
visual analogue scale (VAS) 1 month after surgery 
(VAS > 4; p = 0.03; entry—attribute—value = 0; 
p= 0.04). The results from this study show the 
superiority of the DDN as opposed to placebo, 
resulting in an innovative and very interesting 
placebo methodology for DDN.” 

Although much more research is certainly 
needed, until now, different studies have demon- 
strated the effectiveness of DN in myofascial 
shoulder pain, hemiparetic shoulder pain,’ 
chronic subacromial impingement syndrome,’ 
arm pain caused by MTrPs in the infraspinatus 
muscle,’ alterations of the motor activation pat- 
terns of the shoulder,* low-back pain,”’*°'® cer- 
vical and lumbar radiculopathies,°° °° chronic 
cervical pain®’ caused by whiplash syndrome,”® 
cervical pain concurrent with a sensation of 
respiratory difficulty,’ chronic thoracic myofas- 
cial postsurgical pain,”' chronic myofascial pain 
of the knee,” anterior idiopathic pain of the 
knee,” chronic pain in patients with foot arthro- 
desis,’* myofascial pain and temporomandibular 
dysfunction,’”’”° chronic myofascial pain in dif- 
ferent locations,’’ postherpes pain,’ migraine,” 
tension headache,*' chronic headache,’ pain 
from total postarthroplasty of the knee,”’ 
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spasticity in incomplete tetraplegias*’ and in 
infantile cerebral palsy.** 

Electromyographic studies have found that 
the technique is able to inhibit end-plate noise 
in the treated areas.°’ The presence of end-plate 
noise and its prevalence are considered to be 
objective data for the existence of MTrPs* and 
the grade of irritability,*° respectively. 

Using microanalysis techniques, Shah et a 
have demonstrated that the LTR provoked by 
DDN causes an immediate decrease in the con- 
centration of existing nociceptive and sensitizing 
substances located in the area of the MTrP. This 
could explain why DDN frequently causes an 
immediate reduction in pain.'* 

Recently, Ballyns et al.*’ have shown using 
objective ultrasound measurement that DDN 
can alleviate cervical pain, while at the same time 
decreasing the size of the MTrP. 

Based on the pain typically involved in treat- 
ment with DDN techniques, these types of 
puncture have been attributed to be a cause of 
central sensitization.*! Nevertheless, as we have 
previously explained, the referred pain from the 
MTrPs is a clear manifestation of the existence 
of a central sensitization.'”'’ Thus, it is possible 
to affirm that DDN is, in fact, a technique that 
consists of reverting this sensitization, due to its 
demonstrated effectiveness for the elimination 
of existing pain. A recent study elegantly dem- 
onstrated the aforementioned capacity of DDN 
to decrease or eliminate the central sensitization 
related to MTrPs, inducing clear segmentally 
mediated antinociceptive effects.** 

With regard to the clinical indications of DN, 
apart from its use in MTrPs (already described), 
new empirical evidence is suggesting its value in 
other pathologies such as for the treatment of 
enthesopathies and tendinopathies (insertional 
MTrPs),* ”' for non-MTrPs such as those found 
within the ligaments,” the joints or in scar tissue 
(C-Z Hong personal communication) or for 
spasticity.** Further studies are needed to explore 
the usefulness of DN in these cases. 


1:4 


8.5 MECHANISMS OF ACTION 
OF DRY NEEDLUING IN MYOFASCIAL 
TRIGGER POINTS 


It is reasonable to assume that the mechanisms 
of action, which are used to explain the beneficial 
effects of DN in the treatment of MTrPs, should 
be different in the case of SDN as opposed to 
DDN. Some of the mechanisms that are detailed 
below have clearly been identified, whereas 
others are eminently hypothetical and evolve 


according to the progress of new knowledge 
regarding the aethiopathogenesis of the MTrPs. 


8.5.1 Mechanisms of action 
of superf cial dry needling 


Given that, in SDN, the needle does not go 
through the MTrP, its possible effects cannot, in 
principle, be justified with regard to mechanical 
effects; rather, the invoked mechanisms are to 
be found fundamentally in the field of neuro- 
physiology. A first approach to this matter could 
be made using the concept of ‘analgesia by 
hyperstimulation’, as described by Melzack, and 
referring to the application of a harmful stimulus 
in the nervous system to alleviate pain by induc- 
ing the activation of complex endogenous pain- 
modulating mechanisms.” The most likely 
mechanisms of action of superficial needling are: 
¢ the stimulation of A-6 nerve fibres per- 
formed by inserting a needle into the skin 
overlying the MTrP. This can suppress the 
pain mediated by the muscular nociceptors 
of the C fibres (involved in myofascial 
pain proceeding from MTrPs) by different 
means”: 

° via direct action over the inhibitory 
enkephalinergic inhibitory interneurons 
situated on the border of lamina I and II 
of the dorsal horn of the spinal cord 

° via indirect action over the enkephalin- 
ergic interneurons through the descend- 
ing inhibitory serotoninergic system 

° viaa stimulating effect on the descending 
noradrenergic system 

° via activation of the diffuse inhibitory 
controls of nociception,”” which can 
also be activated by the peripheral C 
fibres,”° via collaterals that connect the 
neospinothalamic tract with the dorsal 
reticular subnucleus of the spinal cord 

¢ the well-known capacity for stimulation 
using needles to induce secretion of endog- 
enous opioid peptides (e.g. enkephalins, 
dynorphins)*”’ 

¢ the gate-control theory. The stimulation of 

A-B nerve fibers tends to ‘close’ the gate 

and inhibit the transmission of pain to the 

superior centres * 

¢ hypothetical action over the autonomous 
nervous system, ’ which is known to modu- 

late the activity of MTrPs.'270°' 
Currently, several important aspects concerning 
the SDN technique are unknown, such as 
whether its effectiveness is superior to placebo; 
the optimal application time; the duration 
of its effects and the relation between these 


216 PART IV. Dry NEEDLING 


parameters; as well as the suitability of combin- 
ing it with other treatments. No studies have 
researched whether insertion of the needle over 
the MTrP (as dictated by Baldry) is more effec- 
tive than needling over the dermatome corre- 
sponding to the myotome of the muscle with the 
MTrP. In this way it guarantees a segmental cor- 
respondence between cutaneous A-6 and/or A-B 
fibres and the muscular nociceptors that allow 
blockage of the muscle’s nociceptors. 


8.5.2 Mechanisms of action 
of deep dry needling 


In principle, all the mechanisms invoked for 
SDN can also be applied to DDN, including the 
induction mechanism for the secretion of endog- 
enous opioid peptides. '”” 

As has been explained previously, there seems 
to be a clear correlation between obtaining 
an LTR and the therapeutic effectiveness of 
DDN.*°°?°°°’ With this in mind, a series of pos- 
sible mechanisms of action are exclusive to DDN 
regarding their effect on MTrPs: 

¢ Cleansing of nociceptive sensitizing sub- 

stances produced by the LT R"*: the works 
by Shah etal. have demonstrated that 
active MTrPs have a significantly high 
concentration of bradykinin, substance P, 
calcitonin gene-related peptide (CGRP), 
tumour necrosis factor, interleukin-1f, 
serotonin and noradrenaline, among others. 
It has also been demonstrated that the 
concentration of these substances immedi- 
ately decreases the provocation of an LTR. 
It is important to highlight that, in these 
studies, the LT R is obtained using the same 
microdialysis needle with which the bio- 
chemical medium of the MTrPs is analysed 
in vivo, which only serves to increase the 
reliability of the study. We have already 
brief y commented on the importance of 
these substances with regard to the pain 
caused by MTrPs and their perpetuation. 
The decrease in concentration caused by 
the LTR is understood to be something 
that is extraordinarily useful for the reduc- 
tion of the related peripheral and central 
sensitizations. 

¢ pH elevation: the same study'* demon- 

strates how the LTR is able to elevate the 
pH of the MTrP zone significantly. In 
the introduction it was also stated that the 
acidity existing in the MTrPs directly 
affects their worsening and perpetuation. 
It is considered that acid pH causes 
peripheral sensitization, decreases acetyl- 
cholinesterase expression, increases acetyl- 


choline activity and promotes the liberation 
of sensitizing substances such as CGRP, all 
of which contribute to accentuating the 
dysfunction of the motor end-plate causing 
the MTrPs.'"” 

¢ Mechanical rupture of the fibres and/or 
the affected motor end-plates*®**'°*': the 
limited magnitude of the lesions caused in 
the muscle fibres and/or in their innerva- 
tion would allow for their repair and resti- 
tution ad integrum of the injured myocytes 
and a new synaptogenesis over a period of 
1-2 weeks'*!™, 

¢ Local stretch of the shortened cytoskeletal 
structures'”*'°’ of the fibres close to the 
needle which have not been destroyed by 
the needle. This stretch can contribute to 
normalization of the length of the short- 
ened sarcomeres. Additionally, this stretch 
could normalize the titin which, due to 
the maintained contracture, hypothetically 
has derived in titin gel and maintains the 
myosin adhered to the Z band.?*'°7 | 
Assuming that the needle can locally stretch 
the muscle fibres, it may be appropriate to 
twist the needle during the puncture pro- 
cedure. The twist causes a rolling of the 
connective tissue around the needle, and 
demonstrates that insertion of the needle 
accompanied by rotation causes an orienta- 
tion that is more parallel to the collagen 
fibres.''° 


8.6 CLINICAL CASE 


8.6.1 Dry needling in a case 
of temporomandibular pain 


A patient attended the clinic suffering from 
severe restriction of the mandibular opening 
which began the previous week after a visit to 
the dentist when she was required to keep her 
mouth wide open (maximum width) for about an 
hour. The patient had an interincisal opening of 
9mm, with a hard end-feel and spontaneous 
pain in the upper right maxillary molars and in 
the right mandibular region (VAS 48/100) which 
was aggravated when opening of her mouth was 
forced (63/100). The dentist dismissed a dental 
cause for the restriction of mobility and pain, 
and told the patient that the cause was muscu- 
loarticular. He prescribed passive exercises with 
a clothes peg in order to try and gain mobility. 
After a week of performing the exercises with no 
more result than an increase in pain, the patient 
decided to consult the physiotherapist, seeing 
as the limitation of mobility was starting to 
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interfere in her quality of life and she could not 
eat (she was only allowed liquids and purées) or 
speak normally. 

Given the activator mechanism, consisting of 
maintained overstretching of the jaw elevator 
muscles, and the well-known capacity for these 
muscles, especially the masseter muscle, to limit 
mandibular opening when they present MTrPs, 
the muscular exploration of the patient was 
centred on the jaw elevator muscles (both mas- 
seters, both temporals and both medial ptery- 
goid muscles). The manual exam revealed the 
presence of an important tension in both mas- 
seters, especially the right one, in which an 
MTrP was also found with allodynia, located in 
a specially taut band of this muscle. There were 
no striking findings in any of the temporal 
muscles. Due to the limited mandibular opening, 
manual intraoral exam of the medial pterygoid 
muscles was impossible. Extraoral palpation of 
the inferior insertion of both muscles in the 
inner side of the angle of the mandible did not 
show any hypersensitivity of the area. The 
manual exam of both temporomandibular joints 
also failed to reveal any anomaly beyond restric- 
tion of mobility. 

In the first session, the treatment consisted of 
the application of manual release (compression 
and massage) of the MTrPs of the left masseter 
and DDN of the MTrP of the right masseter 
with a needle of 0.16 x 25 mm, followed by 
spraying and stretching both muscles. After 
treatment, the opening increased to 2.1 cm. The 
patient was asked to apply local heat to both 
masseters three times a day, followed by active 
self-stretching exercises (yawning) and was given 
an appointment for 2 days later. 

After 48 hours, examination revealed that the 
mobility that was gained had been virtually com- 
pletely lost once again. The existence of a per- 
petuating factor hampering the complete and 
long-lasting inactivation of the MTrPs of the 
masseter muscles was consequently considered. 
One of the most frequent causes is the existence 
of MTrPs in the upper trapezius, whose zone of 
referred pain includes the zone of the masseter 
muscle (figure 8.1B). Examination of this muscle 
showed the existence of an active MTrP in the 
clavicular fibres of the right trapezius. The 
patient described the pain that she felt when the 
therapist was pressing the MTrP seemed familiar 
and that previously, she had suffered neck pain 
for which she had received physiotherapy treat- 
ment, something that she had not admitted to in 
the initial anamnesis. After the invasive treat- 
ment was applied using DN in this MTrP, the 
mobility of the interincisal opening reached 
3.2 cm, without any treatment to the masseter. 


In the manual treatment of both masseters, 
which was applied afterwards, the patient 
restored her normal mobility with a completely 
free mandibular opening (4.3 cm). 

The 1-week posttreatment check-up revealed 
that the mobility gained in the second session 
was maintained and that the pain decreased. T he 
patient was discharged, and given gentle home 
exercises of postisometric relaxation of both tra- 
pezius muscles and for both masseters. 


(Clinical case continued on page 489) 
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9.1 INTRODUCTION 


Many studies to date have investigated the effec- 
tiveness of dry needling of myofascial trigger 
points (MTrPs) for the treatment of myofascial 
pain.’ While this is becoming a widely accepted 
treatment option for many patients, it is not 
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commonly used in patients with neurological 
conditions. In this feld of research, a study was 
performed showing that hemiparetic patients 
receiving a programme of dry needling and reha- 
bilitation exercises may benef t from a signif cant 
reduction in the frequency and intensity of pain.’ 

Although some of the pain that a hemiplegic 
patient may experience may have at least a partial 
myofascial origin, there are no published data on 
the prevalence of MTrPs for this type of patient. 
Therefore, with the knowledge available, we 
cannot know for certain if the prevalence is 
higher or lower than in patients without a central 
nervous system (CNS) lesion. In theory, one 
would expect the prevalence to be higher, as the 
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lesion to the CNS theoretically constitutes an 
activation and perpetuation mechanism for 
MTrPs° and, furthermore, the lesion, apart from 
being of a great magnitude, never completely 
disappears. 

Apart from their relation with pain, it is a 
well-known fact that MTrPs are able to provoke 
other types of sensory, motor and vegetative dys- 
functions (such as weakness and proprioceptive 
dysfunctions). If MTrPs were to develop follow- 
ing a CNS lesion then it is possible that they 
could partially contribute to the movement dys- 
function that some patients with CNS damage 
may experience. 

Physiotherapists have carried out research on 
the use of dry needling to treat hypertonia and/ 
or spasticity.” ° To date there have been several 
conference presentations*’ and an article pub- 
lished by Herrero and Mayoral,° which was the 
frst manuscript to describe the use of dry nee- 
dling to improve hypertonia and spasticity. T his 
paper provided detailed information regarding 
the diagnostic criteria and application protocol, 
as well as providing several hypotheses to explain 
why changes in spasticity or hypertonia may 
occur. This new application of dry needling for 
the purpose of treating hypertonia and spasticity 
was named the DNHS*® technique (Dry Nee- 
dling for H ypertonia and Spasticity). Since then, 
research has evolved and many things have 
changed; for example, the DNHS® technique is 
no longer focused solely on the treatment of 
spasticity and hypertonia but is also used to treat 
other movement dysfunctions. 

As aresult of the latest research and based on 
extensive clinical experience, this chapter pro- 
vides new updates to this technique, advancing 
new essential and diagnostic criteria, changes in 
the protocol and a thorough analysis of some 
aspects that could not have been explained or 
hypothesized in 2007. 

Although these series of published clinical 
experiences’ ° are lacking the evidence to permit 
establishment of a clear cause-and-effect rela- 
tionship, they are a starting point when consid- 
ering that there 1s a certain relationship between 
the MTrPs and phenomena such as hypertonia 
and spasticity, and that dry needling can be used 
in the treatment of these problems. 

Furthermore, there are additional arguments 
related to this connection, such as the use of 
botulinum toxin type A (BT X A), both for the 
treatment of pain provoked by MTrPs’ '° as well 
as for hypertonia and spasticity,'' '’ which dem- 
onstrates that the target structure on which BT X 
A acts is the same as in dry needling (although 
BT X A often spreads beyond the motor end- 
plate zone, whereas DNHS* is thought to be 


more local). There is a distinct difference in the 
mechanism of action of dry needling, which is 
mechanical (rupture of motor end-plates), 
whereas that of BT X A is chemical (inhibition of 
the liberation of acetylcholine [ACh]); however, 
the target structure is still the motor end-plate. 
Another difference is that there is no limit to the 
number of muscles that may be treated with dry 
needling, whereas the infltration of BTX A 
comes with a clear limit in dosage, due to its 
neurotoxicity.'* °° A further argument in support 
of this technique is the fact that dry needling has 
been shown to be as effective as inf ltration of 
substances such as lidocaine or BT X A in the 
deactivation of MTrPs, especially when accom- 
panied by a local twitch response (LTR).7’” 
Based on the data presented, dry needling is a 
therapeutic tool that could be just as effective as 
BTX A in the treatment of hypertonia and 
spasticity. 

The technique of DNHS® presents many 
similarities with dry needling of MTrPs in myo- 
fascial pain syndrome (MPS), although it uses 
different diagnostic criteria and the application 
procedure is also different. Furthermore, as the 
name implies, the goal is not the treatment of 
myofascial pain, but rather the reduction of 
hypertonia and spasticity and an improvement in 
function for the patient with damage to the CNS. 


9.2 PHYSIOPATHOLOGY 
OF SPASTICITY 


The upper motor neuron syndrome (UMNS), 
which can seem a vague concept, is, in fact, very 
useful for def ning the characteristics and symp- 
toms that a person who has suffered damage to 
the CNS may experience. These symptoms (or 
characteristics) can be divided into two large 
groups: positive or negative (f gure 9.1). The 
positive signs, such as spasticity, are character- 
ized by a certain type of muscular hyperactivity, 
whether this be concerning an excessive muscu- 
lar contraction or some sort of inappropriate 
muscle contraction. The negative signs, such as 
weakness or loss of skill, are characterized by a 
reduction in motor activity.” 

Regarding the positive characteristics, the 
term spasticity 1s inconsistently defned and 
this inconsistency needs to be addressed and 
resolved.*’ Spasticity is just one of the positive 
characteristics of the UMNS, although at times 
the term is used incorrectly to refer to other 
positive UMNS characteristics or even the 
ensemble of them. Another term that often gets 
confused with spasticity is hypertonia. Part of 
this confusion lies in the fact that some of the 
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Upper motor neuron syndrome 


Positive symptoms: 
Muscular hyperactivity 


Increased tendon reflexes 
with irradiation 
Clonus 
Positive Babinski reflex 
Spasticity 
Flexor and extensor spasms 


Co-contraction patterns 
during movement 
Associated reactions and 
other stereotyped 
dyssynergic spastic dystonias 
Hyperactivity of cutaneous 
and autonomic reflexes 





Central 


Negative symptoms: 
Reduction of the motor activity 


Muscular weakness 


Loss of dexterity 
Fatigue 





Adaptive changes 
of the soft tissue 


Peripheral 


component component 
Hypertonia 


FIGURE 9.1 = Characteristics (positive and negative symptoms) of upper motor neuron syndrome and how these 


influence the development of the central and peripheral component of hypertonia. 


clinical scales that are used to measure spasticity 
are actually measuring stiffness.”° 

In the case of the term hypertonia, the most 
commonly accepted defnition is ‘increased 
resistance to passive movement’, although it has 
also been defned as an ‘increased response to 
stimuli’. H owever, clinically, when hypertonia is 
found accompanying a movement dysfunction, it 
is diff cult to determine the main factors influ- 
encing the aetiology of the movement dysfunc- 
tion and of the hypertonia itself. 

In general terms, hypertonia is usually divided 
into two large components,’ one of which is 
categorized as ‘neural’ or ‘central’, while the 
other is considered ‘biomechanical’ or ‘periph- 
eral’ (f gure 9.1). Although in theory the differ- 
ence appears clear, in reality it 1s not, as at times 
not only are they overlapping, but they also 
influence one another. Clinically, it is also very 
diff cult to establish a clear distinction between 
both these components, aggravated by the fact 
that there are no scales to allow us to differenti- 
ate between them. Frequently, it is the ‘velocity- 
dependent’ characteristic that is used to 
differentiate the central component from the 
peripheral component, although this is not alto- 
gether correct, as muscles, just like any visco- 
elastic tissue, also show velocity-dependent 
behaviour when stretched. Furthermore, for the 


26,38 


measurement of hypertonia, it is important to 
consider the influence of both the velocity and 
length dependency. For this reason, it is thought 
that the development of contractures (1.e. periph- 
eral component) could be one of the phenomena 
contributing to the worsening of the myotatic 
reflex,° which would be further evidence of the 
overlap between the central and peripheral com- 
ponents of hypertonia.”” 

In order to understand the peripheral compo- 
nents of hypertonia it is important to recognize 
the contribution of the viscoelastic behaviour of 
the muscle and tendons. On the one hand, we 
can f nd thixotropy-like changes in the viscoelas- 
tic properties of the muscle. Thixotropy is a 
form of resistance to muscle stretch due to an 
intrinsic stiffness of the muscle fbres resulting 
from cross-linking of actin and myosin f laments, 
which is dependent on the history of limb move- 
ment.*' In the case of muscles, it is easy to see 
how, in the morning, as soon as one wakes up, 
there is a certain rigidity, which decreases with 
movement. According to some authors, the thix- 
otropic component does not seem to be relevant 
in the case of patients with CN S damage.” N ot- 
withstanding this debate, it is important to con- 
sider this factor when performing research 
studies, as carrying out comparisons between 
different measurements taken at different times 
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1. Direct tracts. These participate in the voluntary 
control of movement. They are differentiated 
into two tracts: 

° Corticospinal tracts. The frst motor neuron 
originates in the cerebral cortex and descends 
to the spinal cord. There, it synapses with the 
second motor neuron, which innervates the 
skeletal muscles of the trunk and extremities 
via the corresponding spinal motor nerves. 
The f bres decussate, either at the level of the 
medulla oblongata (roughly 85%) or at the 
spinal cord (approximately 15%), and there- 
fore one side of the brain controls most of the 
movement of the opposite side of the body 

° Corticobulbar tracts. The frst motor neuron also 
originates in the cerebral cortex, and descends 
to the motor nuclei of the cranial nerves. 
There, it synapses with the second motor 
neuron, which goes on to innervate the skeletal 
muscles of the head and neck according to the 
pair of cranial motor nerves with which they 
synapse. In a similar fashion to the corticosp1- 
nal tract, the f bres are crossed; therefore one 
side of the brain controls most of the move- 
ment of the opposite side of the body 

2. Indirect tracts (tracts originating in the brain- 
stem). These participate in the involuntary 
control of movement, i.e. automatisms, motor 
control, balance and regulation of muscle tone. 


and with different previous experiences to move- 
ment may be a source of important bias. 

Besides thixotropy, soft tissues demonstrate 
creep and hysteresis properties when subjected 
to load, whether this is in the form of repeated 
stretch cycles or previous movement experi- 
ence.’'*’ These phenomena explain the molecu- 
lar rearrangements that cause tissues to deform 
when load is applied. When the viscoelastic soft 
tissues remain immobile, the increase in stiffness 
can be rapid if the central components of muscle 
activation coexist. T his can lead to the formation 
of fxed contractures, which, unlike thixotropy, 
seem to contribute signif cantly to peripheral 
components of hypertonia.” 

Spasticity represents the central or neural 
component of hypertonia. In the scientif c litera- 
ture different defnitions are found under this 
term, to the point that the def nition of spasticity 
is still evolving while the afferent component is 
gaining in relevance. Some def nitions found in 
the literature are: 

¢ A velocity-dependent increase in the tonic 

stretch reflex with exaggerated tendinous 
reflexes, as a result of hyperexcitability 
of the stretch reflex, with an UMNS* 
component. 


Descending tracts for movement control involved in spasticity 


There are several indirect tracts, two of which 

are: 

¢ Retialospinal tract: the lesion of this tract leads 
to spasticity. Originating from the reticular 
nuclei of the brainstem, it descends to the 
spinal cord, where it synapses with the motor 
neurons of the axial muscles and the muscles 
close to the extremities. T here are two separate 
fascicles: an anterior or medial one (activator of 
the spinal reflexes) and a dorsal or lateral one 
(inhibitor of spinal reflexes).*° This tract also 
receives afferents from the cerebral cortex, 
which activates this tract*°°*” 

° Vestibulospinal tract: originating from the lateral 
vestibular nucleus and connecting to the spinal 
cord, where it synapses with interneurons and 
also directly with motor neurons. T his tract is 
involved in the activation of the spinal reflexes 
but it seems to have a lesser role in the produc- 
tion of spasticity’°”” 

The reticulospinal tract contributes to gross 
movements such as locomotion, posture and control 
of balance. In contrast, the corticospinal tract is 
more involved with the fne control of movement.” 
In this sense, lesions of the corticospinal tract are 
likely to affect the control of precise, voluntary 
movements in the distal extremities, while lesions of 
the reticulospinal tract cause a greater dysfunction 
of global motor control.” 


¢ A velocity-dependent increase in hyperto- 
nia with a catch when a threshold is 
exceeded.” 
¢ Disordered sensorimotor control, resulting 

from an upper motor neuron lesion, pre- 

senting an intermittent or sustained invol- 

untary activation of muscles.*° 
In order to understand the concept of spasticity, 
it is necessary frst to understand the different 
types of descending pathways for movement 
control that may be involved (box 9.1). 
Regarding the physiopathology of spasticity, it is 
said that an isolated injury of the corticospinal 
tract does not cause spasticity, but rather it 1s 
caused by a lesion of the dorsal or lateral reticu- 
lospinal tract,”° as it is involved in the inhibition 
of spinal reflexes. In this latter circumstance, an 
imbalance occurs between the excitatory control 
mechanisms and the inhibitors of the spinal 
reflexes, which could then cause the clinical 
picture of spasticity. This imbalance seems to be 
caused mainly by a loss of supraspinal inhibition 
of these reflexes.*° Also, the degree of spasticity 
depends on the type of CNS lesion (f gure 9.2). 
If the lesion affects the cortical information that 
activates the dorsal or lateral reticulospinal tract 
(i.e. a lesion at the level of the cerebral cortex or 
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FIGURE 9.2 = Influence of a lesion of the reticulospinal 
tract in the development of spasticity. The interruption 
of the information from the dorsal or lateral reticulos- 
pinal tract is related to the appearance of spasticity, 
due to the lack of inhibition affecting spinal reflexes. 
This can be the result of a lesion in the tracts that 
transmit the cortical information that activate this tract 
or due to a lesion at some point along the pathway. 
This would lead to a clinical picture of mild or severe 
spasticity, respectively. (Colour version of fgure is 
available online). 


the internal capsule), a loss of activation would 
occur in this tract, as it would no longer have 
such a potent inhibitory effect on the spinal 
reflexes and this would produce a clinical picture 
of mild spasticity. If the lesion occurs through 
the pathway of the dorsal or lateral reticulospinal 
tract (caused by a lesion at the brainstem or 
spinal cord), there would be a complete loss of 


inhibition of the spinal reflexes that regulate this 
pathway, and therefore the clinical picture would 
be of a more severe spasticity.°°”’ 

In these types of lesion it is important to con- 
sider the potential involvement of other spinal 
tracts,~°?’** in which case: 

¢ A partial lesion of the spinal cord that only 

affects the dorsal or lateral reticulospinal 
tract but not the excitatory reflex tracts 
(anterior or medial reticulospinal tract and 
the vestibulospinal tract) would lead to a 
more severe clinical picture. 

¢ If there is a complete lesion affecting the 

spinal cord, both the inhibitory tracts and 

the tracts subserving the reflexes, all control 

over reflexes would be lost and hyperactiva- 

tion of reflexes would be observed. 
However, it seems that the mechanisms contrib- 
uting to an imbalance between the activation/ 
inhibition of reflexes is rather complex. Fre- 
quently, the appearance of hyperreflexia occurs 
after a period of decreased reflexes. In such a 
case, adaptive changes in the neural pathways 
may have caused the onset of spasticity mediated 
by the following possible mechanisms’**””’: 

¢ The axonal sprouting phenomenon: the 

afferent fbres create new _ collateral 
branches (sprouts) which connect to syn- 
apses that previously were inhibitory, 
changing them to excitatory.”° 

¢ The excitotoxic mechanism (f gure 9.3): 

this occurs when acute pain is transformed 
into chronic pain. In this case, a strong or 
prolonged nociceptive stimulus provokes 
the liberation of substance P and gluta- 
mate, which produce the opening of calcium 
channels into the cell. The presence of 
maintained levels of calcium in the cell’ 
interior will produce cell death by apopto- 
sis. It seems that the inhibitory interneu- 
rons that synapse with nociceptive central 
neurons are especially sensitive to this 
excitotoxic phenomenon. This phenome- 
non could occur in spasticity over time, 
if lack of inhibition of the reticulospinal 
tract leads to an excessive liberation of 
neurotransmitters at a medullary level. 
However, for death by apoptosis to occur 
as well, it would be necessary for the inhibi- 
tory interneurons that synapse with the 
motor neurons of the skeletal muscles 
also to be sensitive to this excitotoxicity 


phenomenon. 
¢ Changes in the sensitivity of the receptors 
(denervation supersensitivity).°*° This 


phenomenon consists of an increase in the 
ACh receptors that are distributed over the 
whole surface of the muscle f bre. 
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Excitotoxity 


Lack of inhibition due to the 
lesion of the lateral 
reticulospinal tract 


Prolonged nociceptive 
stimulus 


Increase in the number of 
neurotransmitters 


Increase of substance P 
and glutamate 






Opening of Ca*t 
channels and 
increase of 
intracellular Ca2* 


Apoptosis of the inhibitory 
interneurons 
Nociceptive central neurons 













Based on the physiopathology of spasticity, 
another element that enters into the equation is 
the possible hyperexcitability of the myotatic 
reflex (or stretch reflex). According to some 
authors, this reflex is elicited when the muscle is 
stretched quickly and dynamically and the type 
Ia afferent f bres from the neuromuscular spindle 
are activated. In the spinal cord, these f bres 
synapse with the motor neurons that innervate 
that muscle, activating them, which in turn pro- 
duces a muscle contraction. This reflex also has 
a static component: when the muscle 1s subjected 
to a slow and static stretch, the type II f bres of 
the muscle spindle are activated. These f bres 
synapse with excitatory interneurons, which in 
turn, synapse with the motor neurons of the 
muscle that is contracting. In patients with spas- 
ticity, an alteration in the latency of the stretch 
reflex has been described in the form of a reduc- 
tion or delay of this reflex.*' In relation to this, 
there are opposing opinions on whether spastic- 
ity is indeed an alteration of the myotatic reflex 
(an increase in excitability or a decrease in the 
activation threshold) or other reflexes, or whether 
it is a pathological reflex in itself.** 

Various spinal mechanisms have been thought 
to intervene in the alteration of reflexes and 
research suggests that, rather than producing an 
alteration in a single spinal tract, a chain of alter- 
ations is produced in different spinal tracts as a 





at the spinal level 
Opening of Ca*t 
channels and 


increase of 
intracellular Ca2* 


Apoptosis of the inhibitory 
interneurons 
Alpha motor neurons 
Spasticity 


FIGURE 9.3 =» Hypothesis on the func- 
tioning of the excitotoxic mechanism 
in spasticity, using an analogy of this 
phenomenon applied in development 
of chronic pain. In the case of nocicep- 
tion, the inhibitory interneurons that 
synapse with the central nociceptive 
neurons are more sensitive to this 
phenomenon. In spasticity, it is the 
inhibitory interneurons that synapse 
with the alpha motor neurons that 
are more sensitive to the effects of 
excitotoxicity. 





consequence of the poor processing of the affer- 
ent information together with a lack of inhibi- 
tion of the motor neurons.*’”” 

The phenomenon, thought to intervene in 
the physiopathology of spasticity at the level of 
the spinal cord level, includes: 

¢ Reduced reciprocal inhibition, which is 

produced by activation of the type Ia fbres 
of the neuromuscular spindle. During 
reciprocal inhibition, the fbres synapse 
with inhibitory interneurons which, in 
turn, produce relaxation of the antagonistic 
muscles by inhibiting the motor neurons 
that they innervate. Furthermore, these 
inhibitory interneurons are activated by the 
stimulus originating from the descending 
motor pathways. A lesion of these descend- 
ing f bres would be responsible for reduc- 
tion of the reciprocal inhibition of spasticity 
and would provoke the appearance of path- 
ological muscular co-contraction of the 
antagonists. Additionally, the appearance of 
an excessive reciprocal inhibition has also 
been reported, which would produce mus- 
cular weakening.*°°° 

¢ Reduced postactivation depression (homo- 

synaptic depression) of the type Ia fbres 
of the neuromuscular spindle. During this 
phenomenon, a decrease in the liberation 
of the neurotransmitters of the type Ia 
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f bres occurs immediately after their activa- 
tion, with resulting decrease in activation 
of the motor neurons that they innervate. 
This lasts for 10-15 seconds and only 
affects the fbres Ia that are activated. It 
seems that this mechanism could play a 
more causal role in the development of 
spasticity than presynaptic inhibition (pre- 
sented below).°"*? 
¢ Reduced presynaptic inhibition of the type 
Ia f bres of the neuromuscular spindle. T his 
is a closed-loop feedback system due to acti- 
vation of the type Ia f bres that activate the 
inhibitory interneurons in order to inhibit 
these sensitive fbres. It lasts 300-400 ms 
and affects the Ia f bres, whether these are 
activated or not. This phenomenon has 
been observed to occur in some, but not all, 
patients with spasticity.°?"*!**° 
¢ Alteration of the autogenic inhibition 
mechanism of the type Ib fbres of the 
Golgi tendon organ. The muscle contrac- 
tion causes a stretch to the tendon, which, 
in turn, activates the Ib fbres of the Golgi 
tendon organ that triggers the tendon 
reflex. The activation of inhibitory inter- 
neurons then occurs, which inhibits the 
motor neurons of the muscle. Both an 
excitation and an inhibition of this mecha- 
nism have been described in patients with 
spasticity.°°° 7" 
¢ A decreased activation threshold of the 
spinal motor neurons due to creation of 
plateau potentials in the membrane. T hese 
potentials are produced, either by a reduc- 
tion in the repolarizing output currents, or 
by the opening of voltage-dependent 
calclum channels by serotoninergic or 
noradrenergic innervation of the motor 
neurons. Additionally, this can occur 
without the mediation of these neurotrans- 
mitters. This phenomenon could also take 
place within the interneurons; however, 
this has not been demonstrated in humans 
due to the associated diffculties. These 
plateau potentials can affect the motor 
neurons responsible for reciprocal innerva- 
tion and could explain the partial or total 
loss of the reciprocal inhibition which is 
observed in spasticity.°?*° 
In contrast, the link between the following phe- 
nomena and their role in the presence of spastic- 
ity has been refuted: 
¢ Increased neuromuscular spindle afferents, 
which produce a larger discharge of 
impulses in the motor neurons.’ ”*° 
¢ Modif cations in the recurrent inhibition of 
the Renshaw cells which block inhibition 


of the motor neurons. In this process, 
when a motor neuron is activated, a col- 
lateral branch of its axon activates inhibi- 
tory Renshaw neurons which, in turn, 
deactivate the motor neuron that initiated 
the impulse and the synergistic motor 
neurons. It also inhibits the gamma 
motor neurons and the Ia _ inhibitory 
interneurons (which participate in recipro- 
cal inhibition).°?"*! 
Today, it is well accepted that spasticity is only 
partially responsible for hypertonia, and that 
other positive characteristics of UMNS (the 
main component for hypertonia) and alterations 
in the viscoelastic properties of the muscle 
(the peripheral component of hypertonia) con- 
tribute to the increased resistance to passive 
movement.?°*7>! 


9.3 HYPOTHESIS OF THE DNHS® 
TECHNIQUE 


We shall analyse the different levels that may be 
altered in a patient with a CNS lesion and relate 
these to the technique of DNHS*, in order to 
hypothesize about the possible mechanisms of 
action of the DNHS°® technique. 


9.3.1 At the level of the muscle 
fibre and motor end-plate 


A review of studies has summarized the altera- 
tions affecting the musculature of patients with 
spasticity at the level of the muscle fbre and 
motor end-plate. The following phenomena 
have been described”: 
¢ Increased f bre size variability. The muscle 
fbres lose their polygonal and juxtaposed 
forms, which are replaced by rounded and 
‘moth-eaten’ forms. 
¢ Increased extracellular space in some cases. 
A large amount of poorly organized extra- 
cellular material is observed in_ spastic 
muscle bundles compared with normal 
bundles and the mechanical properties are 
of inferior quality compared to those of a 
normal muscle. 
¢ Increased collagen concentration. 
¢ There is no consensus regarding the pre- 
dominance of type I or type II fbres. 
¢ Increased active muscle stiffness may be 
due to an increase in the number of cross- 
bridges attached during contraction or to 
an increase in stiffness per cross-bridge. 
¢ The only direct measurement of fbre 
length that has ever been performed in 
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children with spastic diplegia has shown 
the f bre length to be normal. There is no 
evidence of fbre length changes due to 
spasticity. 

¢ A shortened muscle-tendon unit has been 

found while the sarcomeres within the 

fbres are actually lengthened. 
In a more recent study an increase in passive 
stiffness was observed in children with cerebral 
palsy, accompanied by an increase in collagen 
tissue and a decrease in the diameter of the 
muscle fbre in the hamstring muscles.’ An 
increased in vivo sarcomere length was also 
found. In this study, differences in the mechani- 
cal properties of the muscle fbre or in the size 
of the titin were not observed; the authors con- 
cluded that the increase in passive tension is due 
to the change in stiffness of the extracellular 
matrix and the increase in length of the sarco- 
mere in vivo and therefore not due to any intra- 
cellular modif cation. 

In these patients the sarcomere was longer 
than the optimal length of a sarcomere, which 
supports the idea that the sarcomeres are over- 
stretched. The muscles would be supporting 
larger tensions due to changes in the properties 
of the extracellular material and change in the 
length of the sarcomeres. The increased length 
of the sarcomeres would indicate the impossibil- 
ity of the muscle adding sarcomeres in series. 
The alteration of the extracellular matrix could 
inhibit the activation or proliferation of the sat- 
ellite cells and even induce its proliferation 
towards extracellular tissue. Fibrosis and lack of 
growth would create a vicious circle, leading to 
muscle contracture. 

In the cited publications’ there are no 
apparent references to MTrPs or possible dys- 
functions of the motor end-plate as being 
responsible for increased rigidity. However, it 
seems possible that these types of motor end- 
plate dysfunctions occur frequently in patients 
with spasticity, as one of the most common 
mechanisms for the formation of MTrPs is 
repeated contraction in shortened positions, 
which occurs frequently in these patients. Con- 
sidering the integrated hypothesis described by 
Simons et al.,° the maintained contraction of the 
sarcomeres that form the MTrPs is the result of 
a dysfunction of the motor end-plates associated 
with those muscle fbres. This dysfunction is 
provided by an increased concentration of ACh 
in these dysfunctional motor end-plates (due to 
excess liberation or decrease in acetylcholineste- 
rase), and is worsened by the acidic medium” of 
the MTrPs, which blocks the action of the ace- 
tylcholinesterase. Also, as previously indicated, 
in spastic patients it is thought that there is a 


greater sensitivity to ACh, which is reflected by 
an increase in the number of ACh receptors over 
the entire surface of the muscle f bre. T herefore, 
all these factors — the increase in concentration 
of ACh, the acidic medium and the increase in 
number of ACh receptors — could contribute to 
the structural changes that are produced in 
spastic muscles, and this could end up producing 
the development of MTrPs in the soft tissue. 
However this has not been studied in patients 
with spasticity. 

Domingo et al.» describe the destruction of 
the neuromuscular junction and its posterior 
regeneration after dry needling in the healthy 
muscle tissue of mice. Considering that the 
average size of human myocytes is 40-45 um and 
that the calibre of the needles used in dry nee- 
dling is 160-450 um, the mechanism of action 
would entail the rupture of myocytes.” After the 
puncture there is an inflammatory reaction that 
is clearly observable 24 hours after the lesion. 
T he regeneration phase is initiated 3 days after 
the puncture, which is when cleaning of the 
necrotic remains is observed in the injured area, 
with the non-injured parts of the muscle f bres 
being preserved. The satellite cells are activated 
and transformed into myoblasts and these initi- 
ate the mitotic proliferation. The myoblasts fuse 
with themselves and with the healthy areas of the 
muscle f bres, forming myotubes, which begin 
the synthesis of actin and myosin. This occurs 
between days 3 and 5 postpuncture. On the f fth 
day after the lesion, most of the cytoplasm con- 
tains neoformed contractile organ. Not all 
myoblasts are fused, and the remains are trans- 
formed into satellite cells. A week after the 
lesion, recovery is complete. 

According to the same study, at the level of 
the nerve, axonal destruction of the injured zone 
takes place posttreatment and degenerative 
changes occur distal to the injured section 
(Wallerian degeneration), with consequent dis- 
appearance of the synapsis. The ACh receptors 
are dispersed over the surface of the muscle 
fbre, the myelin disappears and the Schwann 
cells surround the axons to phagocytose the 
injured areas. Three days after the puncture, the 
appearance of neural growth cones and the rein- 
nervation of the end-plates by very fne axons 
covering a large area of the muscle fbre are 
observed. Afterwards, the receptors are concen- 
trated around the cones and the axons, forming 
functional neuromuscular synapses. The rein- 
nervation is a faster process compared to muscu- 
lar regeneration as, in 3 days, the neuromuscular 
connections are re-established. 

Consequently, the following factors could 
explain the clinical improvements in motor 
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response that are observed after the application 
of a DNHS*: 
¢ The ACh is synthesized in the synaptic 
bouton via choline acetyl transferase. One 
of the substrates, choline, is obtained from 
the extracellular medium via transporters.” 
The mechanical destruction of the axon 
and the synaptic bouton could lead to a 
reduction in ACh levels, as synthesis of 
ACh would be prevented due to a lack of 
choline transporters. 
¢ The effect of dry needling when it achieves 
an LTR would be cleansing sensitizing 
substances,’ which would also allow an 
improved function of acetylcholinesterase. 
¢ The normalization of the characteristics of 
the muscle f bres will cause a reprogram- 
ming and/or modif cation of the afferent 
information that goes from the skeletal 
muscle to the spinal cord and this would 
allow a transitory normalization of infor- 
mation processing at a central level and 
therefore improve the motor response. 


9.3.2 Spinal reflexes 


After the application of DNHS® on MTrPs in 
patients with spasticity, the emergence of an 
LTR has been found, as well as the so-called 
global increase in spasticity. The difference 
between these is that the LTR 1s defned as a 
‘transient contraction of a group of tense muscle 
f bres (taut band) of the trigger point’. The con- 
traction of the fbres occurs in response to the 
stimulation (or in general because of sudden pal- 
pation or puncture) of the same trigger point, or 
sometimes, of a trigger point close by.’ In con- 
trast, the global increase in spasticity, or global 
twitch response (GTR), (which is the preferred 
term due to the inconsistencies related to the 
term ‘spasticity’) is def ned as a ‘contraction of a 
muscle or muscle group on a global level, at 
times accompanied by an increase in axial tone’.° 
T hese two responses are observed in the case of 
patients with a CNS lesion, whether or not they 
feel pain.° 

If we relate the LTR to spinal reflexes, the 
LTR could be a polysynaptic spinal reflex with a 
reduced influence from the supraspinal compo- 
nent.’’ A possible hypothesis could be that both 
the LTR and the myotatic reflex are spinal pol- 
ysynaptic reflexes that share at least a large part 
of the afferent, spinal and efferent pathways. 
Therefore, activation of this reflex while apply- 
ing the DNHS*® technique could cause a neuro- 
modulator effect on the myotatic reflex (or 
other reflexes), causing an improvement in 
spasticity.° Furthermore, this neuromodulation 


could produce the phenomenon of neuronal 
plasticity via the modif cation of a threshold of 
neuronal activation which, in the case of a 
patient with damage to the nervous system, 
could favour an improvement in function by 
activating the compensatory pathways (opening 
the silent or ineffective synapses) or by creating 
new collaterals.**”” 

In contrast, with regard to the GTR, it has 
been observed that on occasion this is found to 
be associated with an LTR while, other times, it 
occurs in an isolated manner. It is necessary to 
bear in mind that sometimes the LTR is not 
perceivable visually nor through the use of tactile 
palpation. In these circumstances, the only way 
to be aware of the existence of an LTR is with 
information transmission through the needle or 
by visualization under ultrasound. 

With the application of the DNHS® tech- 
nique, it is observed that the GT R 1s not limited 
solely to the treated side but, in the case of bilat- 
eral involvement, it can be manifested also on 
the opposite side. In these cases, the therapeutic 
effects observed after achieving a GTR are 
observed on the contralateral side.° Although no 
research to date has studied this phenomenon 
and neither are there enough data available to 
enable a comparison of both responses, in animal 
models, a remote effect has been described when 
an MTrP is punctured over other MTrPs of 
other muscles, both ipsilateral and contralat- 
eral.°° For this reason, our hypothesis is based on 
the fact that the GTR could, in fact, be a polysy- 
naptic spinal reflex of greater complexity than 
the LTR. It is known that a sensitized nervous 
system can show alterations, such as a decrease 
in the activation threshold to external stimuli or 
the activation of neighbouring neurons which, 
under a normal physiological situation, would 
not be activated.°’ Interestingly, certain studies 
have shown that the puncture of MTrPs in a 
sensitized nervous system (due to active MTrPs) 
can cause electromyographic activity in the 
MTrPs of the contralateral side.® In a similar 
manner, in the case of a patient with a lesion of 
the CNS, our hypothesis is that the presence of 
MTrPs could cause activation of synergists (ago- 
nists and antagonists) on both homolateral and 
contralateral sides, based on the current knowl- 
edge base.°” 

The information entering the spinal cord 
from the posterior horns is received by the con- 
vergent neurons that receive information from 
various body areas, such as the joints, fascia and 
skin. However, not all inputs will cause an action 
potential.® Each spinal neuron will have multi- 
ple synapses that could be excitatory or inhibi- 
tory, or active or silent. The activation or 
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non-activation of an action potential depends on 
the combination of all the inputs that the neuron 
receives.” When the puncture is applied, the 
spinal cord receives a new input which would 
then be integrated together with the rest of the 
inputs previously described, and which would act 
by normalizing the effector muscle response. 


9.3.3 Neural CNS pathways 


The effect of dry needling on skeletal muscle 
could possibly be reflected at the level of the 
brain in a transitory modulation of the neural 
pathways implicated in the development of 
spasticity. In a recent study” using electroen- 
cephalography (EEG) to assess the effects of the 
application of the DNHS® technique in two 
patients who had suffered from a cerebrovascular 
accident, an improvement in cortical processing 
was described; this could possibly explain differ- 
ent functional changes found in patients with the 
application of dry needling alone. Within the 
results obtained using the EEG, changes are 
observed in the correspondence between the 
frontal/prefrontal regions as well as a decrease in 
discordance. T his shows that, in specif c regions, 
there is an increased phase coherence for the 
different frequencies. H ypothetically, this could 
bea positive indicator of the information process- 
ing associated with the neuronal activity, which 
may facilitate the functional changes experienced 
by patients. These fndings reveal a new line 
of research requiring further investigation to 
understand the effect of DNH S in patients with 
a CNS lesion. 

Apart from the already cited effects described 
in the treatment of MTrPs for myofascial pain, 
in the case of neurological patients, the effect of 
the DNHS*® technique could lie not only in 
peripheral improvements, but also in the indirect 
effects that these changes could have on the 
CNS. In relation to these indirect effects, it 
could be hypothesized that the local decrease in 
ACh concentration should have positive effects 
over the CNS, by decreasing the potentially irri- 
tating effect that ACh has on the CNS, either 
because it could be transported in a retrograde 
manner to the neuronal body (which seems 
unlikely), or because it was somehow sending 
sensitizing afferents to the CNS. Together with 
these indirect and local effects, the phenomenon 
of denervation supersensitivity’’ could be added. 
This phenomenon proposes the existence of a 
greater sensitivity to ACh, as reflected by an 
increase in the number of ACh receptors on the 
entire surface of the muscle fbre.*°”°?”’ 

However, these effects are temporary and 
therefore correspond with what is observed 
clinically, as the lesion at the level of the CNS 


still remains and acts as a perpetuating factor. 
The duration of part of these effects could be 
related to the time it takes to re-establish the 
neuromuscular junction, which, as detailed pre- 
viously, has been shown to take 3 days,” while 
others may last longer, or indeed, indef nitely. 


9.3.4 Summary of the working 
hypotheses to explain the changes 
that occur with the DNHS® 
technique 


¢ Changes at the level of the motor end-plate 
and the muscle f bre: 
e A decrease in the levels of ACh, due to 
breakage of the motor end-plate. 
¢ Cleansing of sensitizing substances via 
the LTR or GTR. 
¢ Normalization of the muscle fbre and, 
therefore, of the afferents. 
¢ Changes at the spinal level: 
¢ Neuromodulation of the myotatic reflex, 
and possibly other reflexes. 
¢ Neuronal plasticity phenomena. 
¢ Changes at the level of the superior CNS 
centres: 
¢ Improvement in sensorimotor process- 
ing. 


9.4 THERAPEUTIC EFFECTS OF THE 
DNHS® TECHNIQUE 


In relation to the peripheral component of 
hypertonia, it is known that the maintenance of 
shortened positions for a long time (as is the case 
for these patients) produces changes in the bio- 
mechanical properties of the muscle fbres due 
to immobilization and lack of contractility. T his, 
in turn, entails a loss of functional motor units, 
atrophy of muscle cells, physiological and meta- 
bolic changes in the f bres (transformation of the 
type of fbre) and an increase in rigidity (e.g. 
proliferation of connective tissues together with 
mechanical changes in the f bres).°*°’ T his com- 
ponent can be improved by treating MTrPs with 
dry needling so as, on the one hand, to destroy 
the dysfunctional motor end-plates and, on the 
other, to lavage the nociceptive and sensitizing 
substances which are responsible, in part, for the 
persistence of localized contracture.” 

The central component is related to the 
changes in the membrane properties of the alpha 
motor neurons and the decrease of their activa- 
tion threshold, as well as to an altered inhibition 
of the efferent pathways.*’ The MTrPs which, by 
def nition, present a sensorimotor alteration, 
could be partially influencing this anomalous 


9 DRY NEEDLING FOR HYPERTONIA AND SPASTICITY (DN HS*) Den 


information processing within the CNS, analo- 
gous to what occurs in the central sensitization 
phenomenon. Moreover, it has been observed 
that the deactivation of MTrPs achieves improve- 
ments in sensorimotor information processing in 
patients with a CNS lesion.° It is probable that 
the LTRs or GTRs obtained could somehow 
have improved the central information process- 
ing, at least on the medullar levels where these 
were produced.°”” 

At the time of writing, the application of 
DNHS*® in patients with movement alterations 
of a central origin (concretely, in spastic and 
ataxic patients) has been related to clinically 
observed improvements in the global execution 
of movement. Based on clinical experience, 
improved motor control is often seen immedi- 
ately after puncture and is generally maintained 
for an average of 2-4 weeks. The greater effects, 
lasting 3—7 days, may be related to the time it 
takes to re-establish the neuromuscular junction; 
however, this has not been demonstrated. For 
instance, considering that this longer-lasting 
change could hypothetically be due to the 
opening of determined neuronal connection 
pathways at a medullary level (analogous to the 
concept of segmentary spinal sensitization) and 
the interrelations with the agonist—antagonist 
muscles (segmentally mediated and influenced 
by modif cation of reflex responses, such as the 
LTR), there are determined clinical changes in 
some patients which may only be due to changes 
of sensorimotor information processing at a 
higher level, i.e. in the CNS.° 

The MTrPs are related to both components 
of hypertonia: they can influence the peripheral 
component due to their effect on the viscoelastic 
properties of the muscle, and the central compo- 
nent by modifying sensorimotor information. 


9.5 APPLICATION METHODS 
OF THE DNHS® TECHNIQUE 


Although originally the technique of DNHS*° 
was conceived for the treatment of hypertonia 
and spasticity and was registered with this acro- 
nym as the objective was the treatment of these 
problems, at present it is more involved with 
fnding functional changes. In fact, the studies 
upon which it is based currently use movement 
analysis and diagnostic tests such as EEG.” 

In order to ensure the most effective applica- 
tion of the DNHS* technique, we have estab- 
lished a series of guidelines for therapists. T hese 
are based on MPS guidelines, however, adapted 
to neurological patients and comprehend a series 
of essential and conf rmatory diagnostic criteria, 
together with a guide to the procedure, an appli- 





Essential diagnostic 
criteria used in DNHS® 


1. Within the ensemble of taut bands, the one that 
displays the highest degree of tension (in 
muscles that are accessible) 

2. The nodular zone within the band or the more 
sensitive area, if this exists 

3. Assessment of the movement and function of 
the patient 

4. Restriction of the range of movement, an 
increase in the resistance to passive movement 
or the triggering of a myotatic reflex, or other 
reflexes 


cation guideline and a series of indications and 
contraindications. 


9.5.1 Essential and confirmatory 
diagnostic criteria 


T he essential diagnostic criteria used in DNHS® 
have been defned based on those established 
for the identif cation and diagnosis of MTrPs° 
(box 9.2). 

With regard to the frst criterion, this is based 
on the ‘palpable taut band (in accessible muscles)’ 
used in trigger point treatments. The DNHS* 
technique has modif ed this, as generally there 
are many taut bands that are palpable in a patient 
with a CNS lesion, and the palpation is therefore 
directed at determining which of these displays 
the highest degree of tension. 

The criterion ‘exquisite spot tenderness by 
pressure applied upon a nodule in the taut band’ 
used in MPS is not valid for most neurological 
patients, as generally these present with some 
type of sensory alteration, whether this be super- 
f cial or deep, which prevents them from deter- 
mining which is the most sensitive point. It is 
also important to consider that many patients 
have cognitive disorders that do not allow them 
to assess or adequately express which is the most 
sensitive spot among various possibilities. In 
these cases, the DNHS" technique seeks to 
determine which area shows a larger thickening 
in the tissue, as active MTrPs have been associ- 
ated with greater lesional areas.” 

Regarding the criterion ‘patient’ recognition 
of current pain complaint by pressure on the 
tender nodule’ used in MPS, this is modif ed, 
considering that the pain is not usually the 
reason for consultation. Instead, the criterion 
‘assessment of movement and function of the 
patient’ is preferred, whether this consists of 
visual or laboratory tests of movement analysis. 
Furthermore, referred pain is not considered, as 
this is not acommon occurrence with puncture 
in patients with CNS lesions. 
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Confirmatory diagnostic 
criteria used in the 
DNHS® technique 





1. Visual or tactile identifcation of a global or 
local twitch response 

2. ‘Neural release’ (release from a contraction or 
maintained relaxation) 

3. Electromyographic demonstration of the spon- 
taneous electric activity, a typical sign of active 
loci in the tender nodule of a taut band 


The criterion ‘painfully restricted stretch 
range of motion’ used in MPS is substituted by 
‘restriction of the range of motion, increase of 
resistance to passive movements or triggering of 
the myotatic reflex’ seeing as, as revealed by the 
previous criterion, pain is not the main charac- 
teristic for consideration. 

The confrmatory diagnostic criteria used in 
the DNHS*® technique have been def ned based 
on those established for the identif cation and 
diagnosis of MTrPs° (box 9.3). 

The confrmatory diagnostic criteria used in 
the DNHS*® technique (box 9.3) are also def ned 
based on those used in MPS. In this case, the 
frst criterion is the ‘visual or tactile identif ca- 
tion of aGTR° or LTR induced by needle pen- 
etration of the nodule’. It is common to see or 
identify an LTR via palpation after inserting a 
needle, but on occasions there are patients in 
whom a GTR can be found. 

Regarding the criterion ‘referred pain or 
altered sensation with pressure of tender nodule’, 
this is no longer used, due to the reasons already 
stated. In its place, the criterion of ‘neural’ or 
‘neuromuscular release’ 1s used, understood as a 
relaxation response or a decrease/cessation of 
abnormal contractile activity, perceived as a 
decrease in the stretch resistance that the muscle 
presents, and which is generally achieved after 
the appearance of an LTR or GTR due to 
mechanical denervation of the end-plate. This 
relaxation allows for repositioning of the muscle 
in an increased degree of stretch until a new 
increased resistance to stretch is perceived by the 
physiotherapist. The term ‘neural release’ is 
used, as this abnormal and excessive muscular 
activity is considered mainly to have a central 
origin, although, as explained previously, it may 
also be considered to be partially provoked due 
to the spontaneous electric activity in the dys- 
functional motor end-plates. 

The third confrmatory fnding coincides 
exactly with the one employed in MPS as it con- 
siders spontaneous electric activity to be partially 
responsible for the increased resistance to passive 
movement. 





BOX 9.4 


Application procedure for 
the DNHS® technique 


1. Place the muscle to be treated in a position of 
submaximal stretch 

2. Perform explorations of myofascial trigger 
points using the needle, while controlling the 
stability of the segment until there is signif cant 
cessation in excessive muscular activity (which 
generally takes place immediately after a local 
or global twitch response); this is known as 
‘neural release’, as it implies structures such as 
the neuromuscular junction 

3. Maintain the position for a brief period until the 
neural release appears or contraction ceases 

4. Remove the needle to the skin layer and then 
move the treated muscle into a position of sub- 
maximal stretch before proceeding with further 
needle explorations 


9.5.2 Application procedure for the 
DNHS*® technique 


As opposed to dry needling in MPS, where the 
muscle is needled under slight stretch, the appli- 
cation procedure for the DNHS technique 
(described in box 9.4) requires the muscle to be 
positioned in submaximal stretch (understood as 
the stretch that takes the muscle close to the end 
range but without applying maximal force). The 
exception for this is in the case of a muscle that 
does not show a great increase in activity, in 
which case it is not necessary to insist so much 
on attaining a position of submaximal stretch. 
The reason is twofold: on the one hand, it aids 
in palpation as, in general, these muscles tend to 
be very shortened and therefore, the submaximal 
stretch allows for a more precise differentiation 
of the taut bands, and especially of the nodular 
zones, considered to be the essential diagnostic 
criteria. On the other hand, and most impor- 
tantly, submaximal stretch is used for reasons 
that are in agreement with the neurophysiology 
of ‘neural release’, previously described as a con- 
frmatory diagnostic criterion. 

From the point of view of the muscular con- 
traction, the more elongated the muscle, the 
more diff cult it is for the cross-bridges between 
actin and myosin to be established.” For this 
reason, the muscle is positioned in submaximal 
stretch so that the ‘neural release’ can occur 
more easily and this will facilitate the reposition- 
ing of the muscle into anew position of submaxi- 
mal stretch. This criterion is only applied when 
treating muscles with an important excess of 
muscular activity and whenever palpation of the 
MTrPs is optimal within that degree of stretch. 
If this is not possible, a mid-range position can 
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also be used, if this enables palpation of the 
MTrPs, especially when practising a pincer 
palpation. 

After placing the muscle in a position of sub- 
maximal stretch, the area is explored with the 
needle in search of the ‘neural release’, which 
usually occurs right after the LTR or the GTR, 
although at times these are not easily perceived, 
especially in deep muscles, in which case release 
alone is perceived. N ote that it is important to 
appropriately immobilize the segment that 1s 
being needled, as, at times, the intensity of the 
LTR or the GTR is quite high. 

The LTR or GTR that occurs prior to the 
neural release can occasionally generate an 
increase in contractile activity for a brief period 
of time (1-3 seconds on average). T herefore, the 
immobilization during this period should be 
maintained until the neural release is perceived, 
which will then allow for the muscle to be placed 
into a new position of submaximal stretch. 

After this, the muscle is repositioned to anew 
position of submaximal stretch. If the needle 
remains within the muscle while the limb 1s 
repositioned into submaximal stretch, the needle 
will bend. For this purpose, it 1s recommended 
to remove the needle to the skin layer (without 
completely taking it out), to move the muscle to 
a new position of submaximal stretch and from 
there proceed with a new insertion. 

Regarding the patient’s position, this 1s usually 
ascertained according to the person’s own func- 
tional limitations or by the position which the 
person fnds most comfortable, although in any 
case, the patient should be lying down, as in any 
dry needling technique. 


9.5.3 Application guidelines 


A 7—10-day break period between sessions is rec- 
ommended in order to respect the repair stages 
of a neuromuscular lesion.” 

T he clinical experiences and studies that have 
taken place to date indicate that an improvement 
in the patient occurs in the frst three to four 
treatment sessions.° On average, the frst and 
second sessions are those that demonstrate the 
greatest change, whereas after three or four ses- 
sions, the beginning of the plateau phase begins 
in which the changes are diff cult to perceive and 
treatment is less effective. For this reason, the 
application guideline for the DNHS* technique 
consists of different treatment series, each made 
up of three to four sessions® separated by an 
interval of 7-10 days. 

The number of MTrPs and/or muscles to 
treat (there are muscles which may contain 
various MTrPs) can vary according to different 


aspects although, when possible, it is recom- 
mended to treat all MTrPs that are located in 
muscles which exhibit hyperreactivity, excessive 
muscular contractions or those that are partially 
responsible for associated reactions or move- 
ment dysfunctions which are intended to be 
improved. Therefore, the recommendation is 
that, once a patient is assessed and the muscles 
that most contribute to the movement dysfunc- 
tion are identif ed (due to an excess of activity), 
the physiotherapist is the one who, according 
to the time available, the layout of the physio- 
therapy session or the knowledge of the toler- 
ance of the patient (in those cases in which dry 
needling is painful) must determine the number 
of MTrPs to treat. Once the physiotherapist has 
decided the number of MTrPs to treat after 
examining the patient, it is recommended that, 
as a basic rule, the needling be performed in a 
proximal to distal order, as, according to the pat- 
terns of pain reference areas and dysfunction 
published,’ 85% of muscles have a pattern which 
is at least partially peripheral and therefore their 
ability to influence other muscles will be greater 
when this sequence is followed. However, this 
aspect still requires further research, and it seems 
that at least in some muscles the currently pub- 
lished patterns for pain and dysfunction are not 
applicable to neurological patients in terms of 
spasm or referred inhibition. An example of this 
are the adductor pollicis and the frst dorsal 
interosseous muscles. Despite being defned as 
following a local-type pattern, these muscles 
generate important inhibition effects, both in 
the hand as well as in the rest of the upper 
extremity. 

While one of the criteria used in the treat- 
ment of myofascial pain is the performance 
of dry needling until no further LTRs in the 
MTrPs are obtained, in the case of a neurological 
patient this is not so. This is because of the 
large amount of LTRs or GTRs which can be 
obtained that limit the compliance for this crite- 
rion. On many occasions, it is observed that, 
although the amount of LTRs and GTRs con- 
siderably decreases, they continue to appear. 
This would mean prolonging treatment in a 
large number or, in the worst case, when nee- 
dling is painful, sensitizing the patient. For 
this reason, when LTRs or GTRs continue to 
occur after a variable number of in-and-out 
motions with the needle, the physiotherapist’ 
own judgement is necessary to move on to 
treat other points. In any case, it is the physio- 
therapist who decides the number of punctures 
to perform, based on clinical reasoning, clinical 
experience and the knowledge of the patient 
at hand. 
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In dry needling, needles are used of a length 
that adapts to the area treated, while exercising 
precaution so that the needle is not inserted up 
to the handle. The minimum length is 25 mm as 
the technique is based on deep dry needling. 
With regard to calibre, needles with a minimum 
of 0.25 mm width are preferred in the case of 
needles measuring 25mm in length, and a 
calibre of 0.30 or 0.32 mm for those of 40 mm 
in length and greater, as the hypertonia and 
changes in the properties of the tissue described 
previously impede the entrance and manage- 
ment of small-calibre (0.16 mm) needles. 

Considering that the factors of activation and 
perpetuation persist indef nitely in a patient with 
a CNS lesion, the treatment after the frst round 
of punctures is centred on carrying out a global 
re-education programme which will allow for 
activation ofthe musclestreated with the DNHS® 
technique. T he performance of a new series then 
continues once the improvements obtained begin 
to display a certain regression or, rather, if there 
is no regression, when a prudent period of time 
has passed according to the physiotherapist’ 
judgement (it has been conf rmed that the effects 
can last from several weeks to several months, 
depending on the severity of the perpetuation 
factors and the initial state of the patient). 


9.5.4 Indications 


DNHS* is indicated at present for muscles that 
display an increased passive resistance (analyti- 
cally assessed), or for those which, prior to the 
performance of a functional assessment, show 
that they are impeding a determined motor func- 
tion for the patient. In order to facilitate this 
analysis, the MTrPs themselves are considered to 
be activators and/or perpetuatorsofother MTrPs. 
In this case, special attention is given to the 
muscles that are synergists of the affected muscle, 
either as agonists or antagonists of a certain 
movement, as the presence of MTrPs in the 
affected muscle can cause overuse or excitation/ 
inhibition of the MTrPs of the related muscles, 
analogous to what has been shown for MPS. 

Furthermore, the relation between muscles 
that segmentally share the same innervation or 
that are related to the same spinal segments is 
assessed, as, according to the hypothesis pro- 
posed by the DNHS® technique, a neuromodu- 
latory effect may occur.” We consider that this 
neuromodulatory effect may be increased during 
dry needling, not just via needling of the muscle 
under study, but also via the needling of the 
multif dus muscles of the spinal segment related 
to the spastic muscle, although, at present, there 
are no studies available that demonstrate this 
clinical perception. 


DNHS*® is applied to the muscles that are 
functionally altered, together with their agonists 
and antagonists and those that share the same 
innervation, seeking to facilitate an effect of 
neuromodulation. 

As aconcept, DN HS® does not use terminol- 
ogy to differentiate active and latent MTrPs, as 
pain is neither the reason for consultation nor 
the treatment goal. Preferably, as explained in 
the application guidelines section (section 9.5.3), 
an order or hierarchy for needling the MTrPs is 
established, so that, after the patient assessment, 
all the muscles are treated according to the 
established order of importance, within the lim- 
iting circumstances of time or, eventually, of pain 
provoked by the needling. In order to establish 
this hierarchy, the reference to bear in mind is 
that 85% of referred pain patterns are periph- 
eral. Although, in the case of neurological 
patients, it has not yet been demonstrated that 
the increase in activity is transmitted in a pre- 
dominantly distal manner, we consider this ref- 
erence as a general rule. 

In some concrete cases, clinical experience 
has shown exceptions to this rule, fnding mus- 
cles which exercise a strong inhibitory effect in 
a proximal direction, which is the case for the 
adductor pollicis and the frst dorsal interosseous 


(video 9.1). However, the fact that each patient 


generally has a large number of muscles affected 
means that all the effort is directed towards per- 
forming deep dry needling on muscles that show 
an increased resistance to passive movement. 
Nonetheless, perhaps future studies will show 
effectiveness in treating muscles that do not dis- 
play this characteristic. For example, our clinical 
experience is that the needling of certain MTrPs 
produces increased recruitment of inhibited 
muscles, or muscles with lack of strength. 

With regard to the type of muscles that 
display the best response to the application of 
the DNHS® technique, those that commonly 
show a high abnormal muscle activity and an 
exacerbated myotatic reflex are highlighted. In 
contrast, those in which assessment indicates 
that the increased resistance to passive stretch 1s 
due to a consolidation in the soft tissue offer a 
worse prognosis, as this is not an indication for 
the application of DNHS*. Although it is gener- 
ally common to fnd some typical patterns, 
patients with CNS lesions present a wide clinical 
variability, even with very similar lesions, which 
also depends on the posture. For this reason, it 
is not possible to provide a list of muscles to 
treat, although we can share our experience of 
those that have demonstrated better results since 
we started using this technique in 2005, both in 
the clinic as well as in research projects. One of 
the criteria considered is the prioritization of 
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biarticular or polyarticular muscles over monoar- 
ticular muscles, although there are exceptions to 
this, such as the soleus. 

In the case of the upper limb, according to 
our experience, it is common to fnd excessive 
activity in the upper trapezius, pectoralis major, 
teres major, lattisimus dorsi, biceps brachii, bra- 
chialis anterior, brachioradialis, pronator teres, 
flexor digitorum superf cialis and flexor digito- 
rum profundus, adductor pollicis and the frst 
dorsal interosseous muscles. 

In the case of the lower limb, the rectus 
femoris, hamstrings, gastrocnemius, soleus, 
flexor digitorum longus, flexor hallucis longus 
and tibialis posterior muscles are highlighted. 


9.5.5 Prognosis 


With regard to resistance to passive movement, 
the effects are usually greater and of increased 
duration in the upper limbs rather than the lower 
limbs, possibly because of the activation factor 
represented by the person’s weight placed on the 
lower limbs. However, with regard to functional 
changes, the largest improvements are found in 
the lower limbs and, in general, in those patients 
who have a more active mobility and functional- 
ity. The fact that it is easier to achieve functional 
improvements in the lower limbs we believe is 
due to the high representation that the upper 
limbs have in the brain, especially with regard to 
the hand.” 


9.5.6 Contraindications 


The contraindications and dangers of DNHS* 
are the same as those with dry needling of 
MTrPs. Because this treatment modality is 
directed at patients with neurological involve- 
ment, other relative contraindications must be 
considered, such as sensory alterations and the 
use of anticoagulants and epilepsy.® In these 
cases, usually a trial treatment is frst carried out 
which is not very aggressive (two to three inser- 
tions into each MTrP), followed by a rest period 
to assess whether the patient shows a positive 
response. Furthermore, it 1s recommended to 
speak to the medical specialists attending the 
patient in order to discuss whether the contrain- 
dication is valid or not. H owever, in daily clinical 
practice this is quite straightforward and the only 
patients for whom treatment is contraindicated 
are those who are considered at risk. T he criteria 
to consider a patient at risk are not clear as all 
the existing references are for inf ltrations with 
botulinum toxin, and the lesion produced by 
this type of needle, which is of a larger calibre 
and bevelled, cannot be compared to the lesion 
made by a fliform needle used for dry needling. 


Therefore, in the case of patients with antico- 
agulant medication, if dry needling is agreed on, 
very deep punctures should be avoided in the 
frst sessions (to avoid uncontrolled bleeding) or 
in places that are especially dangerous (e.g. com- 
partment syndrome). 

On amore practical level, seeing as the topic 
of how to apply dry needling in patients who are 
on anticoagulants usually creates lots of doubt 
for physiotherapists, this can be possibly resolved 
by asking the patient if, when he or she goes for 
blood tests, the doctor recommends interruption 
of the anticoagulant medication. In comparison, 
the needles used to draw blood are of a much 
greater calibre, and are bevelled, and therefore 
if these types of procedures do not entail a risk, 
dry needling should not either. An important 
consideration here is that, in the case of dry 
needling, several punctures are performed, 
whereas blood tests and inf Itration with botuli- 
num toxin tend to use a single puncture. 
However, regardless of this factor, we consider 
that, in the case of dry needling, the area of 
the lesion and the risk of bleeding are notably 
lower than that of infltration with botulinum 
toxin. 


9.6 CLINICAL CASE 


9.6.1 Hypertonia of the upper 
limb poststroke 


A 55-year-old woman, who had suffered an 
ischaemic cerebrovascular accident 6 months 
previously, attends a physiotherapy consultation 
complaining of diff culty in performing isolated 
functional movements with her affected hand. 
An assessment of the mobility and hypertonia 
of the affected upper limb is conducted, which 
reveals the following f ndings: 
¢ Grade 1+ hypertonia in the modif ed Ash- 
worth scale affecting the thumb abduction 
movement 
¢ Grade 2 hypertonia affecting extension of 
the elbow, wrist and fngers as well as 
forearm supination. No hypertonia is found 
when passive elbow extension is performed 
with a closed fst (wrist and fngers in 
flexion), but this increases gradually when 
performed with an open hand (wrist and 
fngers in extension) 
¢ Normal range of movement in all the 
joints. 
If we were to apply the DNHS® technique, 
what muscles would you select for treatment? In 
which order would you treat them? W hy? 


(Clinical case continued on page 489) 
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Everything that we see is a shadow cast by that which we do not see. 
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10.1. INTRODUCTION 


Chronic pain states are characterized by pro- 
found changes in neuronal excitability and archi- 
tecture of the pain matrix. These neuroplastic 
changes occur in the spinal cord, thalamic nuclei, 
cortical and limbic areas and may alter the thresh- 
old, intensity and affect of one’s pain experience. 
Spinal segmental sensitization (SSS) is a hyperac- 
tive state of the dorsal horn caused by bombard- 
ment of nociceptive impulses from sensitized 
and/or damaged tissue. Active (i.e. spontaneously 
painful) myofascial trigger points (MTrPs) are a 
very common source of persistent nociception 
and sensitization of dorsal horn neurons that 
often results in SSS and chronic pain. Further- 
more, recent studies of the biochemical milieu 
(using novel microanalytical techniques) and vis- 
coelastic properties (using office-based diagnos- 
tic ultrasound) have revealed fascinating objective 
abnormalities of MTrPs that help explain their 
role in myofascial pain syndrome and SSS. The 
dynamic changes that occur during the initiation, 
amplification and perpetuation of SSS may 
explain the objective and reproducible segmental 
physical findings (e.g. dermatomal allodynia and 
hyperalgesia) and the effects observed following 
paraspinous dry needling. 


10.2 CASE STUDY 


Jessica 1s a 50-year-old woman with a complex 
medical history, who develops a new onset of 
right upper quadrant pain. She is perplexed 
because this episode is identical to her previous 
experience with gall bladder pain, despite the 
fact that she underwent a cholecystectomy 20 
years ago. Jessica’s new onset of gall bladder pain 
is one of the many pain complaints she has devel- 
oped over the years. However, alarmed that the 
pain appears to be coming from an organ that is 
no longer there, Jessica decides to see an osteo- 
pathic physician. 

Upon her first visit, her doctor collects a 
detailed medical history. She begins by telling 
him that in her teenage years, she was an elite 
soccer player. However, she sustained a serious 


sports injury during a game when an overaggres- 
sive opponent kicked the front of her right thigh, 
causing a noticeable limp. Jessica complained 
of an aching, cramping pain deep in her right 
knee joint that also caused the knee to buckle 
occasionally. Due to the pain, Jessica often had 
trouble sleeping at night. Since the injury, Jessica 
also has a mild form of patellar tracking dysfunc- 
tion, in which she experiences a painful popping 
or grinding of the kneecap as the knee is flexed 
or extended. After 5 years of massage and other 
manual therapies, her knee joint pain completely 
resolved, but she was unable to return to her 
previous level of physical activity due to contin- 
ued muscle dysfunction, weakness and a limited 
range of motion in her knee joint. 

Over the years, doctors ruled out patellofem- 
oral dysfunction and tendinitis of the quadriceps 
or patellar tendons as an explanation for her 
knee dysfunction. Jessica was told that there 
were no abnormal findings in her right knee 
and thigh. 

Coincidentally, around this time, Jessica also 
developed lower-back pain and pelvic pain, 
which continues to persist today. Jessica obtains 
temporary relief from pain relievers and thera- 
peutic massages, but has accepted that she is 
going to have to live with debilitating pain in 
her knee. 

At age 35, she starts to feel immense pain 
radiating from her gall bladder. She finds out she 
has developed acute cholecystitis (gall bladder 
inflammation) for which she undergoes a chole- 
cystectomy. W hile the surgery relieved her orig- 
inal gall bladder pain, now at the age of 50, she 
feels the same pain has returned. How is this 
possible? 

After listening carefully to Jessica’ medical 
history, her new physician suspects that no one 
has previously examined the muscles surround- 
ing her knee joint and pelvic area for MTrPs. He 
conducts a thorough physical examination, pal- 
pating the soft tissue and muscles surrounding 
her knee and pelvic area. He finds multiple latent 
MTrPs in her right vastus lateralis (knee exten- 
sor muscle) and active and latent MTrPs in her 
lower back and pelvic area. Jessica’s doctor sus- 
pects that the latent MTrPs could be responsible 
for her knee dysfunction, and her sports injury 
could have led to her other pain complaints. He 
goes on to explain that her chronic knee pain 
could have triggered her other pain complaints 
as aresult of peripheral and central sensitization. 
H owever, there are still many unanswered ques- 
tions. Why is muscle pain distinct from cutane- 
ous and neuropathic pain? Why is myofascial 
pain so common and yet so often overlooked? 
What is the role of peripheral and central 
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sensitization in myofascial pain? Are Jessica’ 
pain complaints all related to one another? Are 
there other factors exacerbating her pain com- 
plaints? Lastly, could her pain symptoms be 
reversed or relieved? 


10.3. DISTINCT NEUROBIOLOGY 
OF MUSCLE PAIN 


Myofascial pain is the most common component 
of musculoskeletal pain conditions. As a form 
of muscle pain, myofascial pain can often be 
described as aching, cramping, deep and difficult 
to localize. Muscle pain is distinguished from 
cutaneous pain in that muscle pain involves 
nociceptive-specific neurons in the brainstem 
and spinal cord.'” In addition, muscle pain acti- 
vates unique cortical areas that are associated 
with affective or emotional components of pain.” 
Although muscle nociception is inhibited more 
intensely by descending pain-modulating path- 
ways,” persistent muscle nociception, compared 
to cutaneous nociception, is more effective at 
inducing maladaptive neuroplastic changes 
within the dorsal horn.° Such neuroplastic 
changes underlie the clinical observation that 
muscle pain is often difficult to resolve. 
Musculoskeletal pain is the most common 
manifestation of chronic pain. The term neuro- 
musculoskeletal pain is preferable when describ- 
ing a chronic musculoskeletal pain state because 
it accurately implies fundamental alterations in 
the nervous system — sometimes irreversibly so. 
Myofascial pain arises from MTrPs (see chapter 
8). An MTrP has been defined as a hyperirrita- 
ble spot, usually within a taut band of skeletal 
muscle or in the muscle fascia, that 1s painful on 
compression and that can give rise to character- 
istic referred pain, tenderness and autonomic 
phenomena.’ Active MTrPs are spontaneously 
painful, while latent MTrPs are not spontane- 
ously painful, but cause local and/or referred 
pain upon firm palpation. Accordingly, it has 
been found that active MTrPs have a signifi- 
cantly lower pain pressure threshold than latent 
MTrPs and normal, uninvolved muscle tissue.® 
Diagnosis depends exclusively upon a detailed 
medical history and physical examination. 


10.3.1 Background on sensitization 


Sensitization is the lowering of the activation 
threshold for nociceptors, which then increases 
neuronal activity in the central nervous system. 
Through sensitization, chronic pain syndromes, 
such as myofascial pain syndrome, exhibit pro- 
found neuroplastic changes, altering neuronal 


excitability in the pain pathway (e.g. the spinal 
cord, thalamic nuclei, cortical areas, amygdala 
and periaqueductal grey area). This dynamic 
process can fundamentally alter pain threshold, 
pain intensity and emotional affect.’ Common 
manifestations of sensitization are allodynia 
(pain to a normally non-painful stimulus) and 
hyperalgesia (increased pain to anormally painful 
stimulus). 

MTrPs give rise to sensory abnormalities 
characterized by pain, such as the aching in the 
knee that Jessica experiences. Transduction of 
local pain sensation often begins with the activa- 
tion of nociceptors. Nociceptors are receptors 
that upon binding to noxious substances trans- 
mit tissue damage and inflammation information 
into nerve impulses. T hese include chemorecep- 
tors, mechanoreceptors and thermoreceptors. In 
Jessica’s case, her fall activated the nociceptors in 
her vastus medialis muscle (knee extensor muscle 
innervated by lumbar segments L3—L4), and the 
subsequent nociceptive impulses bombard the 
dorsal horn.'° Prolonged noxious input may lead 
to long-term changes in gene expression, soma- 
tosensory processing and synaptic structure. 
For example, a continuous barrage of noxious 
input into the dorsal horn (a process termed 
afferent bombardment) results in the co-release 
of L-glutamate and substance P. Released 
together, these two substances can lower thresh- 
olds for synaptic activation and open previously 
ineffective synaptic connections in wide dynamic 
range (WDR) neurons, thus inducing central 
sensitization.'”"'! 

In addition, sensitization upregulates ion 
channel and receptor expression and increases 
the number of these membrane proteins on 
nociceptors and dorsal horn neurons. Under 
normal circumstances, a dynamic balance exists 
between facilitation and inhibition of pain 
signals. Neurons conveying nociceptive infor- 
mation are controlled by a variety of inhibitory 
interneurons, structures critically involved in 
preventing the transition from acute to chronic 
pain.” 

An understanding of segmental distribution 
of sensory nerve fibres is a vital component in 
proper pain management.’ Innervation patterns 
of the skin, muscles and deep structures occur 
at an early stage of human fetal development 
and little variability exists among individuals.” 
Accordingly, each spinal cord segment has a con- 
sistent segmental relationship to its spinal nerves. 
T his allows clinicians to attribute the pattern of 
dermatomal, myotomal and sclerotomal hyper- 
algesia to dysfunction in its corresponding spinal 
segment.'”'* In Jessica’ case, her symptomatic 
pain pattern can be explained by the fact that 
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both the knee and pelvic region are innervated 
by the L3—L4 segments. 

SSS is a hyperactive state of the dorsal horn 
caused by bombardment of nociceptive impulses 
from sensitized and/or damaged tissue (e.g. 
somatic structures such as active MTrPs or vis- 
ceral structures such as the gall bladder). Mani- 
festations in the sensitized spinal segment include 
dermatomal allodynia and hyperalgesia in addi- 
tion to sclerotomal tenderness and MTrPs within 
the involved myotomes.'*'* Hyperalgesia of 
central origin is so prevalent that, in one study, 
it was found to be responsible for 61% of patients 
suffering from knee arthrosis. T his suggests that 
both central and peripheral mechanisms are 
responsible for maintaining a chronic pain state 
in these individuals. Initially, hypersensitivity 
occurs at a local, affected site but it is likely that 
central mechanisms, once initiated, persist inde- 
pendently from the peripheral process.'° Further, 
segmental sensitization occurs through neuron 
hypertrophy as well as upregulation of excitatory 
neurons, prohyperalgesic peptides and neuro- 
transmitters at the dorsal horn. As a result, pain 
and inflammation occur as independent events 
and therefore do not necessarily correlate with 
one another. 


KEY POINTS 


Through sensitization, myofascial pain syn- 
drome exhibits profound neuroplastic changes, 
altering neuronal excitability in the pain pathway, 
with common manifestations such as allodynia 
(pain to a normally non-painful stimulus) and 
hyperalgesia (increased pain to anormally painful 
stimulus). 


10.3.2 Peripheral to central 
sensitization in muscle pain 


Sensitization of both peripheral and central 
afferents is responsible for the transition from 
normal to aberrant pain perception in the central 
nervous system that outlasts the noxious periph- 
eral stimulus. In animal models of pain, nocicep- 
tive input from skeletal muscle, as compared to 
cutaneous nociceptor activation, is much more 
effective at inducing neuroplastic changes in the 
spinal cord.° 

As mentioned above, peripheral tissue damage 
arising from trauma or inflammation triggers 
the release of numerous substances from 
damaged muscle, such as adenosine triphos- 
phate, bradykinin, serotonin, prostaglandins and 
potassium.'°'* This inflammatory pool of bio- 
chemicals sensitizes local nociceptors, an event 


known as peripheral sensitization, subsequently 
lowering the threshold for depolarization and 
increasing the response to noxious stimuli. The 
continual bombardment of primary afferent 
activity over time can lead to abnormal function 
and structural changes in the dorsal root ganglia. 
This is known as central sensitization,'® an 
event that can lead to persistent allodynia and 
hyperalgesia. 

A possible explanation for this phenomenon 
is increased synaptic efficiency through activa- 
tion of previously silent (ineffective) synapses at 
the dorsal horn. Specifically, constant noxious 
input continually releases substance P and gluta- 
mate from the primary afferent fibre. These 
excitatory substances enter the postsynaptic cell, 
opening up calcium channels. The flooding of 
the postsynaptic neuron with calcium activates 
enzymes responsible for apoptosis, i.e. pro- 
erammed cell death. Certain cells, like inhibi- 
tory interneurons, are more likely to undergo 
calcium-induced apoptosis.'’ Since large myeli- 
nated fibres dampen pain by activating inhibi- 
tory interneurons, loss of these interneurons 
results in increased pain intensity, leading to 
allodynia, hyperalgesia, temporal summation of 
pain’? and expanded pain patterns. 

Calcium also acts as a second messenger, 1n1- 
tiating gene induction in the nucleus. This 
increases neuronal transmission, resulting in the 
cell firing more rapidly and the formation of new 
ion channel proteins. Opening of the 1on channel 
proteins allows the neuron to hyperexcite, creat- 
ing a feed-forward cycle. This results in a long- 
lasting, if not permanent, sensitization of dorsal 
horn neurons,’ leading to allodynia and hyper- 
algesia. The onset of central sensitization is a 
hallmark in the transition from acute to chronic 
pain. As one can imagine, the clinical conse- 
quences may be very distressing to patients. 

The concept of opening previously ineffective 
connections was demonstrated in a rat myositis 
model. Experimentally induced inflammation 
unmasked receptive fields remote from the 
original receptive field, indicating that dorsal 
horn connectivity expanded beyond the original 
neurons involved in nociceptive transmission.”' 
In this study, nociceptive input resulted in central 
hyperexcitability and this finding helps to explain 
allodynia, hyperalgesia and referred pain pat- 
terns common to myofascial pain. 

There is a biochemical basis to explain the 
development of peripheral and central sensitiza- 
tion in muscle pain. Studies by Shah et al.'*'* 
have found that active MTrPs have a unique 
biochemical milieu compared to latent MTrPs 
and muscle without palpable MTrPs. A novel 
microanalytical technique was used to perform 
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continuous, near real-time, in vivo sampling 
of biochemicals from the trapezius muscles of 
patients with and without neck pain, and with 
and without MTrPs. Results showed that patients 
with neck pain secondary to an active MTrP had 
significantly elevated local levels of endogenous 
substance P, calcitonin gene-related peptide 
(CGRP), bradykinin, serotonin/5-hydroxytryp- 
tamine, noradrenaline, tumour necrosis factor- 
alpha (TNF-a), interleukin-18 (IL-1f), IL-6 
and IL-8 compared to carefully matched con- 
trols. These substances were considerably ele- 
vated in those with active MTrPs compared to 
those with latent MTrPs and those with normal 
tissue in the upper trapezius.'° '* Of relevance, 
injection of the serotonin antagonist tropisetron 
was found to be more effective than lidocaine in 
relieving pain from MTrPs.~” 

Together, these studies demonstrated and 
confirmed that the clinical distinction between 
active and latent MTrPs is associated with a 
highly significant objective difference in the 
local biochemical milieu. These findings may 
help to explain why active MTrPs, which are 
associated with high concentrations of biochem- 
icals known to cause both peripheral and central 
sensitization, are spontaneously painful, acutely 
tender and a source of referred pain. These 


FIGURE 10.1 = Wide dynamic 
range (WDR) neuron. A WDR mS \ 
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biochemical studies have helped to establish the 
clinical importance of palpating and identifying 
active MTrPs. T hey also suggest that myofascial 
pain is an objective entity in the spectrum of 
clinical pain states and may also explain why 
specific treatments are more effective than 
others. 


10.3.3 Somatic and visceral 
input convergence 


Central sensitization may also facilitate addi- 
tional responses from other receptive fields as a 
result of convergent somatic and visceral input 
at the dorsal horn™ via W DR neurons located in 
lamina IV and lamina V (figure 10.1). These 
neurons are called ‘wide dynamic range’ because 
they receive afferent input from multiple sources, 
including skin, muscle, viscera, periosteum and 
bone. In addition to activating lamina I, muscle 
afferents preferentially activate lamina V, where 
W DR neurons are predominantly located. This 
neuroanatomical fact explains how muscle noci- 
ception and pain can spread to seemingly unre- 
lated structures (e.g. viscera) and, vice versa, how 
nociceptive input from these visceral structures 
can manifest as muscle pain. Furthermore, affer- 
ent fibres have the ability to sprout new spinal 
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Humana Press; 2008). (Colour 
version of figure is available 
online). 
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terminals that broaden synaptic contacts at the 
dorsal horn and may also contribute to expanded 
pain-receptive fields.*° T his change in functional 
connectivity may occur within a few hours, even 
before metabolic and genetic alterations occur in 
dorsal horn neurons.”° 


KEY POINTS 


Central sensitization may also facilitate addi- 
tional responses from other receptive fields as a 
result of convergent somatic and visceral input 
at the dorsal horn via WDR neurons located in 
lamina IV and lamina V. 


The convergence of somatic and visceral 
input at the dorsal horn could have been respon- 
sible for Jessica’s onset of pelvic pain. Recall that 
Jessica’s sports injury led to sensitization of the 
L3-L4 segments. The WDR neurons of these 
segments receiving the nociceptive input may 
have spread the input to her pelvic area. 


10.3.4 Spinal facilitation 


Spinal facilitation 1s an increase in activity of 
spinal cord neurons due to the bombardment of 
nociceptive stimuli into the dorsal horn (figure 
10.2).°’ Under normal circumstances, activation 
of primary afferent nociceptors in the dorsal 
horn is modulated by inhibitory mechanisms 
either locally or via descending pathways from 
the cerebral cortex or brainstem. However, as 





mentioned above, persistent nociceptive afferent 
input may result in inhibitory neuronal cell 
death, wind-up and sensitization of secondary- 
order neurons in the dorsal horn. Circuits in the 
spinal cord (i.e. dorsal horn, ventral horn and 
lateral horn) may develop lowered thresholds 
of activation, causing them to be more easily 
activated by minimal or no input at all. The 
ensuing spinal facilitation is characterized by: 
¢ increased ventral horn outflow that stimu- 
lates anterior motor horn cells, resulting in 
increased muscle tone in the myotome, 
corresponding to its segmental level of 
afferent barrage 
¢ increased lateral horn outflow which results 
in autonomic reflexes that enhance noci- 
ceptive activity 
¢ increased dorsal horn outflow that causes 
antidromic electrical activity along a 
sensory nerve (also known as dorsal root 
reflexes). 
Dorsal root reflexes activate dorsal root gan- 
glion cell bodies to increase production and 
release of vasoactive neuropeptides (substance P, 
CGRP and somatostatin) both centrally and 
peripherally. These neuropeptides have been 
shown to cause leaky blood vessels and trigger 
the liberation of inflammatory mediators into 
the tissue, causing inflammation de novo, a 
condition known as neurogenic inflammation.’” 
However, if inflammation is already present, the 
release of vasoactive neuropeptides will exacer- 
bate the condition. As a result, local tissue ten- 
derness and mechanical hyperalgesia often ensue 


FIGURE 10.2 = Facilitated spinal 
segment. (A) Nociception origi- 
nating in the [4 facet joint syn- 
apses on the dorsal horn. (B) At 
the L4 segmental level, a motor 
neuron within the ventral horn 
becomes activated, causing a 
reflex spasm of muscles inner- 
vated by the same segment 
such as (Bl) the paraspinal 
muscles and (B2) the rectus 
femoris muscle. (C) Dermato- 
mal and sclerotomal structures 
sharing the L4 segmental level 
may become sensitized and 
painfulas a result of dorsal root 
reflexes. (D) Dorsal root reflexes 
in the L4 segment may also 
sensitize cutaneous structures, 
rendering them more painful. 
(Adapted from P. Romero Ven- 
tosilla, personal communication 
2010). (Colour version of figure is 
available online). 
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(or worsen, if already present), which may 
underlie the clinical findings of active MTrPs. 

T he concept of spinal facilitation could explain 
the development of Jessica’s back pain condition. 
The injury that originally started in the knee 
extensor muscle initiated the bombardment of 
noxious input via the femoral nerve (L3—L4 seg- 
ments) into the dorsal horn. Depolarization of 
the spinal cord intensely generates dorsal root 
reflexes from this one location; these dorsal 
root reflexes diffusely release neuropeptides via 
several adjacent segments (above and below) into 
the surrounding tissue. This includes the lower 
thoracic segments, which innervate the lower 
back. This results in neurogenic inflammation, a 
process by which neuropeptides attract other 
inflammatory compounds such as inflammatory 
mediators, catecholamines and proinflammatory 
cytokines, which sensitize the lower back area. In 
addition, increased ventral horn outflow increases 
tightness of the muscles corresponding to L3—L4 
segments, such as paraspinal muscles and quad- 
riceps. Lateral horn outflow is responsible for the 
perpetuation of nociceptive input coming in at 
the L3-L4 segments via autonomic reflexes. 

An underappreciated anatomical fact is that 
primary afferent nociceptive fibres actually tri- 
furcate upon entering the dorsal horn (figure 
10.3). That is, one branch enters the dorsal 
horn at that segmental level, one branch ascends 
and one branch descends along the dorsal 
margin of the dorsal horn. Furthermore, some 
visceral afferents have been found to span the 
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FIGURE 10.3 = Trifurcation ofa neuron. Upon entry into 
the dorsal root of the spinal cord, primary afferent 
neurons have the ability to trifurcate; one branch 
enters at that segmental level while other branches 
may ascend and descend along the dorsal margin of 
the dorsal horn in Lissauer’s tract. (Colour version of 
figure is available online). 


entire length of the spinal cord.**”’ T hese often- 
overlooked anatomical considerations have enor- 
mous implications in the initiation, perpetuation 
and amplification of spinal facilitation and per- 
sistent musculoskeletal and visceral pain states. 

In regard to Jessica’ case, recall that she 
had a medical history of severe acute painful 
cholecystitis at the age of 35. Fortunately, 
removal of the gall bladder completely alleviated 
her pain. However, the sustained noxious input 
caused by her cholecystitis was of sufficient 
intensity and duration to destroy inhibitory 
neurons at the segmental level of entry into the 
dorsal horn (T 6). However, 15 years later, at the 
age of 50, Jessica develops a minor but acutely 
painful back injury while lifting heavy boxes. 
The resultant afferent nociceptive input imme- 
diately enters the lower thoracic/upper lumbar 
segments and ascends/descends the spinal cord. 
While ascending the cord, but prior to reaching 
T 6, presumably intact and functional inhibitory 
neurons suppressed the nociceptive input and 
prevented the sensation of pain at those segmen- 
tal levels. However, upon reaching the T6 
segment, the nociceptive signals were able to 
activate dorsal horn neurons at this level. T his is 
because the local inhibitory neurons became 
dysfunctional and/or died as a result of the origi- 
nal intense noxious gall bladder stimuli associ- 
ated with the acute cholecystitis. In fact, Jessica 
now complains that she is experiencing pain in 
the same areas as she had years ago, when she 
contracted the acute gall bladder disease. 

T he reproduction of the identical pain pattern 
initiated years before is a common clinical mani- 
festation of the trifurcation of primary nocicep- 
tive fibers. Even though Jessica knew her gall 
bladder had been removed, she still attributed 
her acute pain to her absent gall bladder, a 
classic example of phantom pain. Accordingly, 
osteopathic physicians often interpret the re- 
emergence of an old pain pattern as the possible 
harbinger of new disease. The cause of the pain 
pattern re-emergence could be musculoskeletal 
in origin (as in Jessica’s case) or due to an undi- 
agnosed visceral problem or disease (e.g. peptic 
ulcer disease, preclinical cardiac ischaemia). 


KEY POINTS 


Spinal facilitation is characterized by increased 
ventral horn outflow resulting in increased 
muscle tone in the myotome corresponding to 
its segmental level of afferent barrage; increased 
lateral horn outflow, which results in autonomic 
reflexes that enhance nociceptive activity; and 
increased dorsal horn outflow that causes anti- 
dromic electrical activity along a sensory nerve. 
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10.3.5 Higher brain centres 
dynamically modulate muscle pain 


The limbic forebrain and/or hypothalamus may 
play a role in the sequence of top-down events 
leading to myofascial pain syndrome. These 
areas are influenced by emotions and hormonal 
fluctuations, which then modulate the periaque- 
ductal grey in the midbrain. The rostral ventral 
medulla is a relay area between the periaqueduc- 
tal grey and the spinal dorsal horn. The rostral 
ventral medulla contains a population of on cells 
which can increase pain, and off cells which can 
decrease pain. The on/off cells are part of the 
descending inhibitory pain system which control 
pain through projections that modulate activity 
in the dorsal horn. Following initial tissue injury, 
the on cells serve a useful and protective purpose 
designed to prevent further damage. Under 
ordinary circumstances, tissue healing would 
lead to a decrease in on-cell activity and an 
increase in off-cell activity.'° H owever, in chronic 
musculoskeletal pain conditions, there appears 
to be an overall shift to a decrease in inhibition, 
presumably due to an imbalance of on-cell and 
off-cell activity.'’ Thus, over time, maladaptive 
neuroplastic changes may develop, resulting in 
disinhibition in the spinal dorsal horn. As a 
result, dorsal root reflexes create neurogenic 
inflammation (and the concomitant release of 
sensitizing biochemicals), which leads to local 
tissue tenderness, even in the absence of ongoing 
tissue injury or nociception. Negative emotions 
and stress as well as hormonal changes may 
influence not only the perception of pain, but the 
clinical findings of allodynia and mechanical 
hyperalgesia, characteristic of myofascial pain. 

During Jessica’s thorough medical history and 
physical exam, her osteopathic physician asked 
many questions to understand better why her 
sports injury had never completely healed. In 
addition, he sought to investigate why there was 
an increased sensation of pain and sensitivity in 
her pelvic area, gall bladder and lower back. 
After determining that there were no structural 
or functional abnormalities in these three areas, 
he asked Jessica whether she was experiencing 
any emotional stress and whether those episodes 
correlated with an increased sensation of pain. 
Jessica admitted that a month after her sports 
injury, her father had passed away while she was 
in the midst of applying to college, and conse- 
quently she found very little time for herself. 
Currently, she is battling a time-consuming, dif- 
ficult divorce, which has her feeling frustrated 
and stressed most of the time. Jessica’s physician 
noted that these emotional stressors are likely to 
have exacerbated her pain symptoms. 


In addition, Jessica noticed that the pain has 
gotten worse since she started menopause. 
Jessica’s doctor explained that an increase in pain 
perception was common among many women 
who were experiencing changes in their men- 
strual cycle as a result of oestrogen and proges- 
terone fluctuation. As discussed above, emotional 
stress and hormonal fluctuation may set off a 
cascade of neuronal activity that results in neu- 
rogenic inflammation and subsequent local tissue 
tenderness. 

Upon confirming that Jessica has allodynia 
and hyperalgesia along her pelvic area, Jessica’ 
doctor encouraged her to find ways to reduce 
her stress. Not only could her negative emo- 
tions and stress have influenced these clinical 
findings, but they could prevent her from fully 
recovering. 


10.4 ROLE OF GUAL CELLS 


Researchers are discovering that glial cells may 
also be involved in the pain signalling of MTrPs. 
Microglia and astrocytes are activated by peri- 
pheral pathological changes, such as inflamma- 
tion.” Since prolonged nociception activates 
glia, it can be hypothesized that activation of 
nociceptors surrounding MTrPs can increase 
glial activity.’ Upon activation, glial cells 
release proinflammatory interleukins, TNF-a 
and brain-derived neurotrophic factor in the 
central nervous system, substances which can 
lead to central sensitization.*”’ Further data 
from rat studies suggest that chronic muscle 
lesions activate microglia in the spinal cord, and 
the pain behaviour associated with this activation 
is reduced by a microglia inhibitor.” While no 
data are currently available to support the notion 
that MTrPs activate glia, active MTrPs are effec- 
tive in central sensitization and this may in turn 
activate glial cells.*' One can imagine how glial 
cells can exacerbate pain conditions for patients 
like Jessica, who are already experiencing central 
sensitization. 


10.5 CAN LATENT MTrPs 
CONTRIBUTE TO CENTRAL 
SENSITIZATION? 


Recall that Jessica’s osteopathic physician found 
latent MTrPs during a physical examination of 
Jessica’s right vastus lateralis muscle in the 
absence of any physical abnormalities in her 
knee joint. Her doctor suspected that Jessica 
may have developed active MTrPs in her vastus 
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medialis muscle after the injury. However, the 
active MTrPs may have been treated coinciden- 
tally by the massage and physical therapies 
Jessica was receiving at the time. This would 
explain why the spontaneous, aching, cramping 
pain in Jessica’s knee joint disappeared. H owever, 
because the latent MTrPs in her right thigh were 
never treated, Jessica continued to experience 
motor difficulties such as buckling of the knee 
and falling to the ground while walking, and 
being unable to extend her knee fully. Although 
not spontaneously painful, could latent MTrPs 
in the vastus lateralis muscle have played a role 
in Jessica’s pain and knee dysfunction? 

Latent MTrPs cause local and referred pain 
only upon firm palpation. T his begs the question 
as to their underlying connectivity and patho- 
physiology. Do latent MTrPs play a role in 
central sensitization? How is it possible for 
these lesions to refer pain to distant locations? 
Two assumptions must be made to explain the 
mechanism of latent MTrPs. First, these latent 
MTrPs send nociceptive, subthreshold signals to 
the dorsal horn of the spinal cord. This would 
effectively sensitize the central nervous system 
without the perception of pain, as is characteris- 
tic of latent MTrPs. Second, ineffective synapses 
exist within the dorsal horn. In this way, nocicep- 
tors from muscle containing the MTrP have 
connections to dorsal horn neurons innervating 
remote muscle regions.” 

Human studies have shown that central sen- 
sitization can occur without the experience of 
acute spontaneous pain. Intramuscular injection 
of nerve growth factor results in allodynia and 
hyperalgesia, both manifestations of sensitiza- 
tion.’ Further, rat studies demonstrated that 
nerve growth factor injections activate an 
increased proportion of muscle nociceptors. In 
concordance with this finding was the presence 
of excitatory subthreshold potentials.*°°’ Since 
subthreshold potentials provide nociceptive 
input without subsequent action potentials into 
higher brain centres, there is no perception 
of pain. 

Subthreshold potentials and ineffective syn- 
apses could serve to explain the sensory phenom- 
enon of latent MTrPs. Taken together, it could 
be hypothesized that the characteristics of latent 
MTrPs occur due to a series of events. Latent 
MTrPs send excitatory, subthreshold potentials 
to the dorsal horn. Sensitization of the dorsal 
horn opens previously ineffective synapses to 
distant muscle sites. As a result of sensitization, 
normally non-noxious palpation of the latent 
MTrP induces pain locally and referral pain 
occurs upon the opening of previously ineffec- 
tive synapses. Thereby, upon muscle palpation, 


pain is experienced at the site of the palpated 
latent MTrP and in distant, seemingly unrelated 
muscle.” 

It is important to identify the significance of 
latent MTrPs because, under specific conditions, 
they can become active MTrPs. Excitatory sub- 
threshold potentials from latent MTrPs can 
summate with subthreshold potentials from 
active MTrPs to surpass the threshold necessary 
for SSS to occur. Once the myotome is sensi- 
tized, all MTrPs in that myotome may become 
spontaneously painful (active). 

In addition to sensitizing dorsal horn neurons, 
latent MTrPs may interfere with muscle per- 
formance. For example, Lucas et al. showed that 
patients with latent MTrPs in the scapular rota- 
tors have abnormal muscle activation patterns 
during shoulder abduction compared to patients 
with latent MTrPs, increasing a risk for develop- 
ing active MTrPs.** 

During Jessica’ physical examination, her 
osteopathic physician measured her right-leg Q 
angle; this is the angle of incidence of the quad- 
riceps muscle relative to the patella. Indeed, 
Jessica’s Q angle was 20°, which is higher than 
normal (<17°), increasing the risk of patellar 
compression. Latent MTrPs in the vastus latera- 
lis muscle cause shortening of the muscle, which 
exacerbates Jessica’ patellar tracking dysfunc- 
tion and further increases her Q angle. Treat- 
ment of her latent MTrPs could restore full 
range of motion in her knee joint. On the other 
hand, neglecting the latent MTrPs could lead to 
the return of the spontaneous knee pain if the 
latent MTrPs become active ones. T hus, in cases 
where latent MTrPs are perpetuating the sensi- 
tization or causing dysfunction, it is important 
to treat them.’ 


10.6 DIAGNOSIS AND 
IMPLICATIONS OF SPINAL 
SEGMENTAL SENSITIZATION 
IN THE CHNIC 


As mentioned above, SSS is the hyperactive state 
of the dorsal horn caused by bombardment of 
nociceptive impulses from sensitized and/or 
damaged tissue. SSS is consistently associated 
with musculoskeletal pain states, underscoring 
its significance. For example, involvement of 
thoracic spinal levels (e.g. T1-T12) in SSS 
facilitates and perpetuates abdominal pain and 
somatovisceral symptoms commonly mimicking 
gastrointestinal conditions, such as peptic ulcer 
disease. The development or activation of MTrPs 
is one of the clinical manifestations of SSS. As 
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mentioned above, a latent MTrP that is located 
along a sensitized segment (myotome) may 
become an active MTrP (associated with a spon- 
taneous pain complaint). 

Many treatments for myofascial pain, such 
as physiotherapy and trigger point injection 
procedures, are directed at the peripheral pain 
generators, e.g. active MTrPs. Often times, 
the segmental dysfunction is overlooked and 
practitioners fail to recognize the presence of 
SSS. As a result, many individuals may only 
experience temporary deactivation of MTrPs 
and pain frequently recurs. 

An accurate diagnosis of pain distribution 
requires identification of the sensitized spinal 
segment. SSS is determined by findings of 
allodynia, hyperalgesia and measurable pressure 
pain sensitivity over the sensory, motor and skel- 
etal areas along with viscera supplied by a par- 
ticular spinal segment (the dermatome, myotome, 
sclerotome and viscerotome, respectively). Fur- 
thermore, these objective and quantitative find- 
ings help clinicians to identify the tissues and 
likely pain mechanisms involved in their patients’ 
chronic pain. These segmental findings are not 
only reproducible, but they are often indicative 
ofthe severity of the sensitized state and provide 
important clues to the underlying pathogenesis 
of the pain syndrome. 

The requisite examination skills are easy to 
learn and are of fundamental importance to the 
evaluation and management of a chronic pain 
complaint. Furthermore, their application before 
and after treatment, aimed at desensitizing the 
involved spinal segment, provides the clinician 
and patient with meaningful, objective and 
reproducible physical findings to guide treat- 
ment outcomes. 

Imamura et al.'° systematically evaluated 
individuals with refractory, disabling pain associ- 
ated with knee osteoarthritis who were sched- 
uled to undergo total knee replacement. The 
authors speculated that the pain experienced by 
these patients may be associated with the pres- 
ence of central nervous sensitization rather than 
peripheral inflammation and injury. The pres- 
ence of hyperalgesia was evaluated, and the 
impact of pressure pain threshold (PPT ) meas- 
urements on pain, disability and quality of life 
was assessed in these patients and compared to 
age-matched healthy controls. PPT measure- 
ments were obtained for the subcutaneous der- 
matomes of the lower extremities and over the 
vastus medialis, adductor longus, rectus femoris, 
vastus lateralis, tibialis anterior, peroneus longus, 
iliacus, quadratus lumborum, popliteus muscles 
and the supraspinous ligament. The authors 
found that the group with knee osteoarthritis 


had significantly lower PPT over all evaluated 
structures versus healthy control subjects. Lower 
PPT values were correlated with higher pain 
intensity, higher disability scores and poorer 
quality of life, except for the role-emotional and 
general health status. Combined PPT values 
over the patellar tendon, at the S2 subcutaneous 
dermatome and at the adductor longus muscle 
were the best predictors for the visual analogue 
scale and Western Ontario and McMaster Un1- 
versities Osteoarthritis Index pain scores. The 
researchers concluded that patients with knee 
pain due to osteoarthritis who were scheduled 
for total knee replacement showed hyperalgesia 
ofnervous system origin that negatively impacted 
pain, knee functional capacity and most aspects 
of quality of life.'® 
In order to determine the presence of SSS, 
patients are asked to identify with one finger the 
location of their principal pain complaint and 
indicate the intensity of pain from | to 10. 
Adjacent dermatomal levels are examined 
paraspinally by: 
¢ scratching the skin with the sharp edge of 
a paper clip or Wartenberg pinwheel — this 
noxious stimulus 1s applied across dermato- 
mal borders and the patient is instructed to 
report simultaneously any sharpening or 
dulling in the sensation of pain during the 
procedure. An increased painful response is 
indicative of hyperalgesia 
¢ picking up the skin between the thumb and 
forefinger and rolling the tissue under- 
neath, also known as a pinch and roll test 
(figure 10.4) — this non-noxious stimulus is 
applied across dermatomal borders and the 
patient is instructed to report simultane- 
ously any sensation of pain. The sensation 
of pain is indicative of allodynia, a finding 
that is the most sensitive indicator for the 
diagnosis of sensitization. 
Adjacent myotomal levels are examined by: 
¢ palpating segmentally related musculature 
for tender spots, taut bands and MTrPs 
¢ applying a pressure algometer to measure 
local tenderness (PPT ) along the myotome. 
Adjacent sclerotomal levels are examined by: 
¢ palpating segmentally related tendons 
(e.g. tendonitis), entheses (e.g. enthesitis), 
bursae (e.g. bursitis) and ligaments (e.g. 
supraspinous ligament sprain) 
¢ applying a pressure algometer to measure 
local tenderness (PPT) along these scle- 
rotomal structures. 
(Note: PPT is the minimum pressure that elicits 
pain and is considered abnormal if it is at least 
2 kg/cm’ lower than a normosensitive control 
point.) 
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FIGURE 10.4 = Pinch and rolltest. The skin and subcuta- 
neous tissue are gently pinched between the thumb 
and forefinger and rolled vertically across dermatomal 
borders. Elicitation ofa painfulresponse is indicative of 
allodynia. (Colour version of figure is available online). 


These examination techniques are used to 
determine the depth and breadth of the segmen- 
tal manifestations of an individual’ pain syn- 
drome. Dermatomal, myotomal and sclerotomal 
segmental findings often overlap, making diag- 
nosis and treatment of the sensitized segmental 
level relatively straightforward. However, in 
some cases they do not. For example, the affected 
dermatomal levels may be different from the 
affected myotomal and/or sclerotomal levels. 
When such differences arise, the affected seg- 
mental levels (whether dermatomal, myotomal 
or sclerotomal) most closely corresponding to 
the principal pain complaint should be treated 
first with paraspinous needling, a technique 
which addresses the centrally sensitized compo- 
nent of pain. 


KEY POINTS 


In patients with pain syndrome, dermatomal, 
myotomal and sclerotomal examination is used 
in order to determine the depth and breadth of 
the segmental manifestations. 


If the patient experiences little or no pain 
relief, then the additional segmental levels 


may be needled paraspinally until the patient 
reports a decrease in pain. This subjective 
decrease in pain 1s typically accompanied by an 
objective improvement in the segmental find- 
ings. However, effective management involves 
identification and treatment of both the periph- 
eral and central components of sensitization. 
Accordingly, the clinician should identify and 
eradicate all foci of nociceptive bombardment 
(i.e. peripheral sensitization) responsible for i1- 
tiating and/or perpetuating the centrally sensi- 
tized segmental findings. Active MTrPs are a 
very common source of peripheral nociceptive 
bombardment which may lead to central sensit1- 
zation and perpetuation of the pain complaint. 
If left unresolved, active MTrPs (or other periph- 
eral pain generators) will re-sensitize the dorsal 
horn, resulting in the re-emergence of segmental 
findings (allodynia and hyperalgesia) and the 
reproduction of the same pain complaint even 
after paraspinous needling treatment. 


10.6.1 Limitations of digital palpation 


The gold standard for diagnosis for myofascial 
pain relies on palpation of MTrPs in a taut band 
of skeletal muscle.’ However, proper diagnosis 
requires a skilled and experienced clinician. 
Some studies have found low interrater reliabil- 
ity among examiners in their attempts to identify 
MTrPs, an obstacle that can be overcome with 
standardized training of the examiners.’ *! 
Unfortunately, the use of digital palpation does 
not: (1) provide a reliable and sensitive method 
of diagnosis and measurement of treatment 
efficacy; (2) provide quantitative comparisons 
of the tissue properties before and after treat- 
ment; (3) objectively differentiate among active 
MTrPs, latent MTrPs and palpably normal 
tissue; (4) objectively discriminate between 
superficial and deep MTrPs; and (5) permit 
objective study of the natural history of MTrPs. 
Thus, there is a need to develop objective, 
repeatable and reliable diagnostic tests for 
evaluating MTrPs and determining treatment 
outcome measures. Such measures can be used 
to diagnose MTrPs properly and understand 
their natural progression. 

Studies by Sikdar et al.** have shown that 
ultrasound diagnostic imaging techniques can 
be used to measure MTrPs objectively. On 
ultrasound, MTrPs appear as focal hypoechoic 
(darker) areas with a heterogeneous echotexture. 
They also show reduced vibration amplitude 
on elastography, indicating a localized area of 
stiffer tissue compared to surrounding soft tissue. 
In addition, the use of ultrasound reveals that: 
(1) MTrPs have a unique vascular environment; 
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(2) active MTrPs have differences in microcircu- 
lation compared to latent MTrPs and normal 
tissue; and (3) active MTrPs have a significantly 
larger surface area than latent MTrPs.**” 


10.7 DRY NEEDUNG AND THE 
LOCAL TWITCH RESPONSE 


Dry needling is one of the effective non- 
pharmacological interventions used to treat 
MTrPs. It may be performed using either a 
superficial or deep dry needling technique. Elici- 
tation of one or more local twitch responses 
(LT Rs) is a goal of dry needling and often ben- 
efits those with pain secondary to MTrPs. Dry 
needling can be performed in any skeletal 
muscle harbouring MTrPs, including the para- 
spinal muscles (paraspinous dry needling). 
Though the mechanism of an LTR is unknown, 
studies suggest a biochemical component. Five 
minutes after the induction of a single LTR, 
Shah et al. found a dramatic change in the bio- 
chemical milieu of the upper trapezius muscle. 
For example, the initially elevated levels of sub- 
stance P and CGRP within the active MTrP 
drastically decreased to levels approaching that 
of normal uninvolved muscle tissue. The reduc- 
tion of these biochemicals in the local muscle 
area may be due to a small, localized increase in 
blood flow and/or nociceptor and mechanistic 
changes associated with an augmented inflam- 
matory response.’ 

Shah et al.* also conducted a pilot study in 
which dry needling was performed on three 
patients presenting with active MTrPs. Two of 
these three patients reported a decrease in visual 
analogue scale with time, indicating less pain. 
Furthermore, there were improvements in blood 
flow and a decrease in the MTrP area for all 
three active cases.” Though not designed as 
treatment interventions, the results of these 
studies are provocative in that the substances 
analysed are known to be associated with sensi- 
tization, persistent pain and spinal facilitation in 
addition to findings that dry needling has been 
associated with symptom improvement and 
objective changes in the periphery. In an animal 
model, it appears that dry needling may, in fact, 
activate the descending inhibitory pain system 
and cause local deactivation of the MTrP.* 


10.8 MODALUTIES AND 
MANUAL THERAPIES 


Modalities and manual therapies are often clini- 
cally effective at deactivating active MTrPs and 


desensitizing sensitized spinal segments and are 
commonly employed as a first line of treatment 
before attempting more invasive therapies. For 
example, various forms of electrical stimulation, 
including microcurrent, transcutaneous electri- 
cal nerve stimulation, percutaneous electrical 
nerve stimulation, manual therapies and spray 
and stretch are commonly used to treat myofas- 
cial pain and SSS. H owever, if pain relief is only 
partial or if pain persists despite using these 
modalities, then paraspinous dry needling and 
injection techniques should be considered. T hese 
techniques should be used particularly in chronic 
cases in which physical examination reveals 
severe and persistent allodynia and hyperalgesia, 
suggesting dense dermatomal, myotomal and 
sclerotomal manifestations of SSS. 


10.8.1 Paraspinous block technique 
with local anaesthetic 


Not only can paraspinal muscles be facilitated 
secondary to MTrPs elsewhere in the body via 
ventral horn outflow, but they can also act as a 
primary source of peripheral nociceptive input 
into the dorsal horn, further sensitizing it. In 
order to desensitize the paraspinal muscles along 
a specific segment, Fischer** developed a parasp- 
inous block technique which traditionally uti- 
lizes a 1% lidocaine injection. A 25-gauge needle, 
of sufficient length to reach the deep layers up 
to the vertebral lamina, is inserted in the sagittal 
plane. Injection is performed between the levels 
of the spinous processes corresponding to the 
affected segmental levels of sensitization, as 
identified on physical examination. The needle 
is inserted through the paraspinal muscle to a 
maximal depth but before contacting the verte- 
bral lamina. The needle is aspirated (in order to 
avoid blood vessels) and then approximately 
0.1 mL of anesthetic is injected; the needle is 
then withdrawn to a subcutaneous level and redi- 
rected in the caudal direction, ending about 
5 mm from the previous deposit of anaesthetic 
solution. One continues this procedure, going as 
far as the needle reaches. The same procedures 
are then repeated going in the cephalad direc- 
tion. The result of this technique is multiseg- 
mental desensitization, which effectively blocks 
the medial branch of the posterior primary rami 
at affected segmental levels.” 


10.8.2 Paraspinous dry needling 
and acupuncture techniques 


Coincidentally, acupuncture practitioners utilize 
similar anatomical locations (e.g. traditional 
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Chinese medicine Hua Tuo Jia Ji points), as do 
clinicians performing the paraspinous block 
technique. According to the Aaipundure Ener- 
getics textbook definition, these are a collection 
of points on either side of the ligament attaching 
the transverse processes of the vertebral column, 
from T 1 to L5, described as one-half ain lateral 
to the spinous process. T hese points are needled 
as deeply as possible into the ligaments lateral 
to the midline. These local acupuncture points 
are very useful for axial and peripheral pain 
problems, and to reinforce the qualities of the 
back Shu points at the same vertebral levels for 
needle insertion in order to achieve pain relief.” 

Alternatively, many clinicians have adapted 
a technique using acupuncture needles and 
applied to Fischer’s model of paraspinous blocks, 
known as paraspinous dry needling. Instead of 
a hypodermic syringe used traditionally in 
Fischer’ model, these clinicians insert acupunc- 
ture needles sagitally into the paraspinal muscles 
(figure 10.5). The needle is manipulated by 
using an up-and-down (i.e. pistoning) action 
accompanied by clockwise and anticlockwise 
rotations. Traditionally, the aim of dry needling 
is to deactivate MTrPs, while the primary aim of 
paraspinous dry needling is to desensitize the 
SSS. However, if any active or latent MTrPs are 
encountered during the process of paraspinous 
dry needling, they can be easily deactivated and 
an LTR is often observed.'’ 

Multiple acupuncture needles may be simi- 
larly inserted and manipulated creating a parasp- 
inous block at each of the affected segmental 
levels, neuroanatomically corresponding to the 
principal pain complaint. Furthermore, the seg- 
mentally corresponding supraspinous ligaments 
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FIGURE 10.5 = Paraspinal 
needling. An acupuncture 
needle is inserted sagittally into 
the spinalis muscle and then 
manipulated as described. Mul- 
tiple acupuncture needles may 
be inserted to create a parasp- 
inous block at each affected 
segmental level. (Colour version 
of figure is available online). 
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may be needled using a superficial needle inser- 
tion technique accompanied by just a clockwise 
and anticlockwise rotation of the needle (piston- 
ing of the needle should be avoided). T he needles 
may be left in place for 15—20 minutes (similar 
to standard practice in acupuncture) while 
the relevant dermatomes, myotomes and scle- 
rotomes are re-examined to determine whether 
the treated segments eliminate the objective 
signs of SSS (i.e. allodynia, hyperalgesia). This 
result is often accompanied by a significant 
reduction in pain. 

There are several advantages associated with 
the paraspinous dry needling technique when 
compared with Fischer’s injection technique. 
First, affected segments may be treated without 
concern for the possible side effects associated 
with injection of local anaesthetics. In addition, 
more segments may be treated in one visit with 
paraspinous dry needling because the number 
of injections is limited by the total dosage of 
anaesthetic that may be administered at one 
time. Furthermore, acupuncture needles are 
minimally invasive and better tolerated by 
patients because they have rounded tips, designed 
to pass painlessly around cells, blood vessels and 
other tissues. Conversely, hypodermic needles 
are bevel-edged and sharp, and are designed to 
cut through blood vessels (thereby damaging 
cells and tissues), resulting in more inflamma- 
tion, bleeding and pain. Due to its fine construc- 
tion and smaller diameter, an acupuncture needle 
provides the practitioner with superior kinaes- 
thetic feedback when compared to a hypodermic 
needle. This permits more accurate manipula- 
tion and easier placement of the needle at desired 
tissue depths. 
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10.8.3 Limitations of paraspinous 
block and paraspinous dry 
needling techniques 


Though many practitioners can attest to 
improvement in pain levels as a result of parasp- 
inous block and paraspinous dry needling, these 
merely arise from clinical observation. To date, 
there have been no randomized, double-blinded, 
placebo-controlled clinical trials examining the 
effects of paraspinous block and paraspinous dry 
needling. A recent study offers a method that 
may be used to determine the effectiveness of 
paraspinous dry needling. Mayoral del Moral*® 
designed a study in which patients scheduled for 
total knee replacement surgery were examined 
several hours before surgery. They were then 
randomly assigned to one of two groups: true dry 
needling or sham dry needling. Upon the induc- 
tion of general anaesthesia but before surgery 
began, those assigned to true dry needling of 
MTrPs were treated by a physiotherapist. Since 
subjects were unconscious at the time of true or 
sham treatment, they were unaware of their 
eroup assignment. Postsurgery, the true dry nee- 
dling group reported less pain, demanded sig- 
nificantly less analgesics and rated their visual 
analogue scale significantly better than the sham 
needling group.” A similar protocol could be 
used to assess the outcome of paraspinous dry 
needling systematically and lend support to its 
use. Knee joint and related muscles are inner- 
vated by the L3—L4 segmental levels. Accord- 
ingly, it can be speculated that paraspinous dry 
needling within these segments prior to total 
knee replacement for osteoarthritis may provide 
better pain relief than surgery alone and could 
also be used as an effective and conservative first 
line of treatment. 


10.9 CASE STUDY: TREATMENT 


In order to find an effective treatment for Jessica, 
it was important to make detailed notes of her 
medical history, including any emotional aspects, 
and to conduct a thorough physical examination. 
By doing so, Jessica’ osteopathic physician was 
not only able to organize her complex 50-year 
medical history into a coherent web of inter- 
connected pain conditions, but was also able 
to attribute possible explanations as to their 
origins. Throughout her lifetime, Jessica has 
experienced knee, pelvic, lower-back, gall 
bladder, and phantom pain conditions along 
with patellar tracking dysfunction. All of her 
pain conditions started after her soccer injury. 
Her physician concluded that the kick to her 
right thigh during her soccer injury activated 


MTrPs in Jessica’s vastus medialis and led to her 
initial knee joint pain. In addition, he deter- 
mined that the latent MTrPs in Jessica’s vastus 
lateralis muscle aggravated her previously inex- 
plicable patellar tracking dysfunction. 

Unbeknownst to her previous clinicians, 
Jessica’s fall initiated noxious input from her 
vastus medialis muscle, sensitizing the L3—-L4 
segments. The convergence of somatic and 
visceral input at the dorsal horn via WDR 
neurons then created her new onset of pelvic 
pain despite the absence of any visceral disease 
or dysfunction. After initially failing to find any 
physical abnormalities in her knee joint, these 
clinicians incorrectly concluded that nothing 
was physically wrong with her and did not find 
the myofascial component of her pain and 
dysfunction. 

Bombardment of peripheral noxious input 
into the dorsal horn from her sports injury likely 
triggered and perpetuated Jessica’ back pain 
condition via several mechanisms, including 
dorsal root reflexes, neurogenic inflammation, 
ventral horn outflow and lateral horn outflow. 
The clinical consequences are increased muscle 
shortening, pain and tenderness of her parasp1- 
nal and quadriceps muscles (corresponding to 
the L3—L4 segments). 

Her active MTrPs were treated with manual 
therapy and massage, while the latent ones in her 
vastus lateralis muscle went unaddressed and 
therefore persisted. At age 35, Jessica developed 
acute and exquisitely painful cholecystitis for 
which she underwent a cholecystectomy. Prior 
to surgery, the sustained noxious input from her 
cholecystitis was of sufficient intensity and dura- 
tion to inactivate inhibitory neurons at the seg- 
mental level of entry (T 6) into the dorsal horn. 
Fortunately, the gall bladder pain immediately 
resolved following surgery. However, at the age 
of 50, nociceptive input from a new minor, but 
acutely painful, injury to Jessica’ lower back (an 
area unrelated to her sports injury) activated 
dorsal horn neurons upon reaching the T 6 seg- 
mental level. As a result, Jessica experienced the 
same gall bladder pain pattern (phantom pain) as 
she did before her gall bladder was removed. 
While Jessica was alarmed by the reoccurrence 
of her gall bladder pain, her physician explained 
to her that her gall bladder symptoms likely 
resulted from the death and/or dysfunction of 
local inhibitory neurons. 

In addition, it is noteworthy to mention that, 
while there were physical stressors that likely 
triggered Jessica’s condition, she has also faced 
tremendous emotional stressors and hormonal 
fluctuations that may have exacerbated her con- 
dition. For example, Jessica mentioned that a 
month after her soccer injury, her father had 


10 ACUPUNCTURE AND NEEDLING TECHNIQUES Dao 


passed away and that she was stressed about 
applying to college. At the onset of her gall 
bladder pain, she was in the midst of a difficult 
divorce and had begun menopause. The emo- 
tional stress and hormonal fluctuations as well as 
the activation of glial cells could certainly have 
ageravated JessicasS pain conditions and pre- 
vented her from recovering. Theoretically, the 
emotional and hormonal fluctuations could have 
sensitized latent MTrPs in her pelvic area and 
lower back, making them active and painful ones. 

Considering all of JessicasS symptoms and 
dysfunction, what is the best course of treat- 
ment? The answer requires a comprehensive 
history and physical examination in addition to 
application of the concepts discussed in this 
chapter. The examination included a compre- 
hensive neuro-musculoskeletal evaluation. First, 
Jessica’ physician examined the affected seg- 
ments corresponding to the area of pain, includ- 
ing the L3—L4 (pelvic and knee) and T 6 segments 
(gall bladder) for any signs of sensitization. 
T hese include dermatomal allodynia, hyperalge- 
sia, sclerotomal tenderness and MTrPs within 
the involved myotomes. To do so, he used the 
pinch and roll test and found allodynia in 
JessicasS L3—L4 and T6 segments. Next, using 
a Wartenberg pinwheel, the physician found 
hyperalgesia in JessicasS L3-L4 and T6 seg- 
ments. The physician then applied a pressure 
algometer to measure the local tenderness (PPT ) 
along the affected myotomes. He found active 
MTrPs in Jessica’ pelvic area and lower back and 
latent MTrPs in her vastus lateralis. He explained 
that the best form of treatment would be dry 
needling in order to deactivate active and latent 
MTrPs in the periphery and use paraspinous dry 
needling to desensitize the spinal segments along 
her areas of pain. He also recommended that 
Jessica supplement dry needling treatments with 
biofeedback therapy, to gain greater awareness 
of her physiological functions and, as a result of 
these cognitive-emotional changes, improve in 
overall health and performance. 

After 3 weeks of dry needling (one session per 
week), Jessica and her physician observed signifi- 
cant improvement in her knee and surrounding 
muscles. She no longer experienced muscle dys- 
function and weakness. Upon palpation of her 
vastus lateralis, the physician noted that the 
tightness in her muscle improved and the muscle 
felt softer. Most notably, Jessica’ range of motion 
around her knee joint improved. Her physician 
further confirmed this result by once again 
measuring her Q angle, which was now in the 
normal range (<17°), with a result of 15°. 

After the paraspinous dry needling sessions in 
the L3-L4 and T6 segments, Jessica’ pelvic 
pain, back pain and phantom pain decreased 


dramatically and her clinical findings of allody- 
nia and hyperalgesia resolved. When an algom- 
eter was once again used to measure tenderness 
along the affected myotomes, there was a sig- 
nificant increase in PPT, suggesting that the 
area had become desensitized. The active and 
latent MTrPs in Jessica’s pelvic area and lower 
back were also treated in order to prevent resen- 
sitization of the spinal segments. She was referred 
to physiotherapy to maintain and improve her 
range of motion, strength and flexibility. In the 
months following her treatment, Jessica reported 
that her mood improved significantly. For the 
first time in years, she was achieving a full night’s 
rest without waking up in the middle of the night 
from pain. She was able to re-engage in sports 
and increase her duration of participation with 
regained strength. Even years after her treat- 
ment, Jessica’ improvements were sustained, 
reinforcing the importance of identifying and 
treating symptoms and signs of peripheral and 
central sensitization commonly found in chronic 
pain. 


10.10 CONCLUSION 


Current understanding of chronic pain mecha- 
nisms, particularly the unique properties of the 
neuraxis, 1s changing rapidly as knowledge 
emerges in molecular and cellular biology. For 
example, active MTrPs function as dynamic 
foci of peripheral nociception that can initiate, 
accentuate and maintain central sensitization 
and chronic pain states. Continuous nociceptive 
input from MTrPs can increase excitability of 
dorsal horn neurons, leading to hyperalgesia and 
allodynia, and open previously ineffective synap- 
tic connections, resulting in new receptive fields 
and pain referral.'’ In turn, myofascial pain syn- 
drome may also be a result of a sequence of 
top-down events via the limbic forebrain and/or 
hypothalamus, as mentioned earlier. 

Although MTrPs are a ubiquitous and under- 
diagnosed component of many acute and chronic 
pain complaints, they are also a common physi- 
cal finding in asymptomatic individuals. This 
dichotomy challenges pain management practi- 
tioners to learn how to palpate the soft tissue 
carefully in order to distinguish active from 
latent MTrPs. Making this distinction is critical 
in order to identify and treat a myofascial com- 
ponent of pain adequately. 

Histological, neurophysiological, ultrasound 
imaging, and somatosensory studies of MTrPs 
have found objective abnormalities. N ovel bio- 
chemical sampling techniques demonstrate that 
active MTrPs have elevated levels of bradykinin, 
serotonin, substance P, CGRP, noradrenaline, 
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IL-6, IL-8, TNF-o and IL-1. Active sites also 
have a more acidic pH. Together with observed 
motor and sensory abnormalities, these studies 
implicate peripheral and central mechanisms in 
the development of myofascial pain and associ- 
ated MTrPs. These biochemical findings vali- 
date the clinical observation that active MTrPs 
are a source of nociceptive foci that continuously 
bombard dorsal horn neurons, leading to central 
sensitization and SSS. 

Dorsal horn neurons may undergo neuroplas- 
tic changes as a result of chronic nociception. 
H owever, these changes may also occur in higher 
centres of the brain if pain is left unresolved for 
an extended period of time. Alterations in corti- 
cal areas may help to maintain and amplify the 
pain state and thereby create a vicious cycle that 
is increasingly difficult to resolve. At this point, 
removal of the aetiological factors may be insuf- 
ficient to relieve pain.~* 

Once the presence of central sensitization has 
been established in a patient with chronic pain, 
the central nervous system should be targeted 
in addition to the musculoskeletal component, 
which is primarily treated with anti-inflammatory 
agents. Thorough understanding and identifica- 
tion of central nervous system sensitization 
have the ability to provide innovative and cost- 
effective therapeutic tools to control pain, reduce 
disability and improve quality of life. Compre- 
hensive management should focus on the removal 
of perpetuating factors (e.g. active MTrPs) 
through dry needling among other treatments 
and by addressing SSS early in its development 
through methods such as electrical modalities, 
manual therapies, paraspinous dry needling, par- 
aspinous blocks, centrally acting pharmacologi- 
cal agents, biofeedback and behavioural therapy. 

SSS offers an important paradigm to explain 
the nature of neuro-musculoskeletal pain. 
Though it essentially has the same origin as 
peripheral sensitization, the central phenome- 
non is distinguished by its clinical characteristics. 
T he presence of specific dermatomal, myotomal 
and sclerotomal distribution patterns is an 
objective, reproducible and reliable hallmark of 
SSS. Paraspinous dry needling provides physio- 
therapists and other clinicians with a clinically 
effective and minimally invasive treatment for 
neuro-musculoskeletal pain. 

There is a need to develop objective, repeat- 
able and reliable diagnostic tests for evaluation 
and treatment outcome measures for MTrPs. 
Such measures can be used to diagnose and 
understand properly the natural history of 
MTrPs and to determine the underlying mecha- 
nisms and relevance to the development and 
resolution of myofascial pain. They may also be 


used as outcome measures in treatment trials of 
various interventions, including manual thera- 
pies and electrical modalities. 

Further studies should focus on uncovering 
the nature of MTrPs and surrounding soft 
tissue over time. For example, although painful 
MTrPs activate muscle nociceptors that, upon 
sustained noxious stimulation, initiate peripheral 
and central sensitization, what is their aetiology 
and pathophysiology? What is the mechanism 
by which the pain state begins, evolves and per- 
sists? What are the levels of anti-inflammatory 
substances, analgesic substances and muscle 
metabolites in the local biochemical milieu of 
muscle with and without MTrPs? How does a 
tender nodule progress to a myofascial pain syn- 
drome? Which soft tissues are involved? Are 
there objective measures for assessing therapeu- 
tic outcomes? W hat is the mechanism by which 
active MTrPs contribute to SSS? What effects 
do local and central treatments of MTrPs have 
on SSS? 

Future clinical research studies should focus 
on identifying the mechanisms responsible for 
the pathogenesis and pathophysiology of myo- 
fascial pain, SSS and neuro-musculoskeletal pain 
by linking the symptoms and objective physical 
findings to the physical properties and bio- 
chemical changes in the muscle tissue. The 
development of successful treatment approaches 
depends upon identifying and targeting the 
underlying mechanism of pain, not just the signs 
and symptoms. 


10.11 REFERENCES 


1. Sessle BJ. Acute and chronic craniofacial pain: brainstem 
mechanisms of nociceptive transmission and neuroplas- 
ticity, and their clinical correlates. Crit Rev Oral Biol 
Med 2000;11(1):57-91. 

2. Arendt-Nielsen L, Graven-N ielsen T. Deep tissue hyper- 
algesia. J Musculoskelet Pain 2002;10(1/2):97-119. 

3. Svensson P, Minoshima S, Beydoun A, et al. Cerebral 
processing of acute skin and muscle pain in humans. 
J Neurophysiol 1997;78(1):450-60. 

4. XianMin Y, Mense S. Response properties and descend- 
ing control of rat dorsal horn neurons with deep recep- 
tive fields. Neuroscience 1990;39:823-31. 

5. Fields HL, Basbaum AI. Central nervous system 
mechanisms of pain modulation. In: Melzack R, Wall 
PD, editors. Textbook of Pain. Edinburgh.: Churchill 
Livingstone; 1999. p. 309-29. 

6. Wall PD, Woolf CJ. Muscle but not cutaneous c-afferent 
input produces prolonged increases in the excitability of 
the flexion reflex in the rat. J Physiol 1984;356:443-58. 

7. Travell JG, Simons DG. Myofascial Pain and Dysfunc- 
tion: The Trigger Point Manual. VI and VII ed. 
Baltimore: Williams & Wilkins; 1999. 

8. Ballyns JJ, Shah JP, Hammond J, et al. Objective sono- 
graphic measures for characterizing myofascial trigger 
points associated with cervical pain. J Ultrasound Med 
2011;30:1331-40. 

9. Zieglgansberger W, Berthele A, T dlle TR. Understand- 
ing neuropathic pain. CNS Spectr 2005;10:298-308. 


10: 


1, 


12; 


13, 


14. 


15; 


16. 


17. 


18. 


1, 


20. 


21, 


22: 


25; 


24. 


2; 


26. 


24s 


28. 


10 ACUPUNCTURE AND NEEDLING TECHNIQUES 


Willard F. “Basic Mechanisms of Pain.’ Future Trends in 
CAM Research. In: Audette JF, Bailey A, editors. Inte- 
grative Pain Medicine: The Science and Practice of 
Complementary and Alternative Medicine in Pain Man- 
agement. Totowa: Humana Press; 2008. 

Shah JP, Gilliams EA. Uncovering the biochemical 
milieu of myofascial trigger points using in-vivo micro- 
dialysis: An application of muscle pain concepts to myo- 
fascial pain syndrome. J Bodywork Mov Ther 2008; 
12(4):371-84. 

Fischer AA. Functional diagnosis of musculoskeletal 
pain by quantitative and objective methods. In: Rachlin 
ES, Rachlin IS, editors. Myofascial pain and Fibromyal- 
gia: Trigger Point Management. St. Louis.: Mosby; 
2002. p. 145-73. 

Waldman SD. Waldman SD, editor. Physical diagnosis 
of pain: an atlas of signs and symptoms. Philadelphia: 
Saunders & Elsevier; 2006. 

Fischer AA, Imamura M. New concepts in the diagnosis 
and management of musculoskeletal pain. In: Lennard 
TA, editor. Pain procedures in clinical practice. 
Philadelphia: Henley & Belfus; 2000. p. 213-29. 
Imamura M, Imamura ST, Kaziyama HHS, et al. Impact 
of nervous system hyperalgesia on pain, disability, and 
quality of life in patients with knee osteoarthritis: A 
controlled analysis. Arthritis Care Res 2008;59(10): 
1424-31. 

Shah JP, Phillips TM, Danoff JV, et al. An in vivo micro- 
analytical technique for measuring the local biochemical 
milieu of human skeletal muscle. J App! Physiol 2005;99: 
1977-84. 

Shah JP, Gilliams EA. Uncovering the biochemical 
milieu of myofascial trigger points using in-vivo micro- 
dialysis: An application of muscle pain concepts to myo- 
fascial pain syndrome. J Bodywork MovT her 2008;12(4): 
371-84. 

Shah JP, Danoff JV, Desai M, et al. Biochemicals associ- 
ated with pain and inflammation are elevated in sites 
near to and remote from active myofascial trigger points. 
Arch Phys Med Rehabil 2008;89:16—23. 

Mense S. The pathogenesis of muscle pain. Curr Pain 
Headache Rep 2003;7:419-25. 

Camanho LG, Imamura M, Arendt-N ielsen L. Genesis 
of pain in arthrosis. Revista Brasileira de Ortopedia 
2011;46(1):14—17. 

H oheisel U, Koch K, Mense S. Functional reorganiza- 
tion in the rat dorsal horn during an experimental 
myositis. Pain 1994;59:111-18. 

Ettlin T. Trigger point injection treatment with the 
5-HT3 receptor antagonist tropisetron in patients with 
late whiplast-associated disorder. First results of a mul- 
tiple case study. Scand J Rheumatol 2004;11(9):49—S0. 
Miller W, Stratz T. Local treatment of tendinopathies 
and myofascial pain syndromes with the 5-H T3 receptor 
antagonist tropisetron. Scand J Rheumatol 2004;11(9): 
44-8. 

Sato A. Somatovisceral reflexes. J Manipulative Physiol 
Ther 1995;18:597-602. 

Sperry MA, Goshgarian HG. Ultrastructural changes 
in the rat phrenic nucleus developing within 2 h after 
cervical spinal cord hemisection. Exp Neurol 1993;120: 
233-44. 

Mense S, Hoheisel U. Central nervous sequelae of local 
muscle pain. J Musculoskelet Pain 2004;12:101-9. 
Romero Ventosilla P. Consecuencias clinicas de la 
Estimulacion Sensorial persistente: Sensibilizacion 
Espinal Segmentaria. 2010. 

Sugiura Y, Terui N, Hosoya Y. Difference in distribution 
of central terminals between visceral and some somatic 
unmyelinated (C) primary afferent fibers. J N europhys- 
iol 1989;62:834—40. 


29. 


20, 


31, 


a2, 


22. 


34. 


3D: 


36. 


eae 


38) 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


SS 


Wall PD, Bennett DL. Postsynaptic effects of long- 
range afferents in distant segments caudal to their entry 
point in the rat spinal cord under the influence of picro- 
toxin or strychnine. J Neurophysiol 1994;72:2703-13. 
Watkins LR, Maier SF. Glia: A novel drug discovery 
target for clinical pain. Nat Rev Drug Discov 2002;2: 
973-85. 

Mense S. How do muscle lesions such as latent and 
active trigger points influence central nociceptive 
neurons? J Musculoskelet Pain 2010;18(4):348-53. 
Hunt SP, Mantyh PW. The molecular dynamics of pain 
control. Nat Rev Neurosci 2001;2:83-91. 

Marchand F, Perretti M, McMahon SB. Role of the 
immune system in chronic pain. Nat Rev Neurosci 
2005;6:52 1-32. 

Chacur M, Lambertz D, Hoheisel U, et al. Role of 
spinal microglia in myositis-induced central sensitiza- 
tion: An immunohistochemical and behavioural study in 
rats. Eur J Pain 2009;13:915—23. 

Svensson P, Cairns BE, Wang K, et al. Injection of nerve 
growth factor into human masseter muscle evokes 
long-lasting allodynia and hyperalgesia. Pain 2003;104: 
241-7. 

Hoheisel U, Unger T, Mense S. Sensitization of rat 
dorsal horn neurons by NGF-induced subthreshold 
potentials and low-frequency activation. A study employ- 
ing intracellular recordings in vivo. Brain Res 2007;1169: 
34-43. 

Graven-N ielsen T, Curatolo M, Mense S. Central sen- 
sitization, referred pain and deep tissue hyperalgesia in 
musculoskeletal pain. In: Proceedings of the 11th World 
Congress on Pain. IASP Press; 2006. 

Lucas KR, Rich PA, Polus BI. Muscle activation patterns 
in the scapular positioning muscles during loaded scapu- 
lar plane elevation: the effects of latent myofascial 
trigger points. Clin Biomech (Bristol, Avon) 2010;25(8): 
765-70. 

Njoo KH, Van der Does E. The occurrence and inter- 
rater reliability of myofascial trigger points in the quad- 
ratus lumborum and gluteus medius: a prospective study 
in non-specific low back pain patients and controls in 
general practice. Pain 1994;58(3):317-23. 

Wolfe F, Simons DG, Friction JR, et al. The fibro- 
myalgia and myofascial pain syndromes: a preliminary 
study of tender points and trigger points in persons with 
fibromyalgia, myofascial pain syndrome and no disease. 
J Rheumatol 1992;19:944—-51. 

Gerwin RD, Shannon S, Hong CZ, et al. Interrater reli- 
ability in myofascial trigger point examination. Pain 
1997;69(1—2):65—-73. 

Sikdar S, Shah JP, Gebreab T, et al. Novel applications 
of ultrasound technology to visualize and characterize 
myofascial trigger points (MTrPs) and surrounding soft 
tissue. Arch Phys Med Rehabil 2009;90:1829-38. 
Hsieh YL, Chou LW, Joe YS, et al. Spinal cord mecha- 
nism involving the remote effects of dry needling on 
the irritability of myofascial trigger spots in rabbit 
skeletal muscle. Arch Phys Med Rehabil 2011;92(7): 
1098-105. 

Fischer AA. N ew injection techniques for treatment of 
musculoskeletal pain. In: Rachlin ES, Rachlin IS, editors. 
Myofascial pain and Fibromyalgia: Trigger Point Man- 
agement. Mosby; 2002. p. 403-19. 

Njoo KH, Van der Does E. The occurrence and inter- 
rater reliability of myofascial trigger points in the quad- 
rates lumborum and gluteus medius: a prospective study 
in non-specific low back pain patients and controls in 
general practice. Pain 1994;58(3):317-23. 

Mayoral del Moral O. Dry needling treatments for myo- 
fascial trigger points. J Musculoskelet Pain 2010;18(4): 
411-16. 


This page intentionally left blank 





PART V 


PERCUTANEOUS 
NEEDLE TENOTOMY 
(PNT) 


11 PERCUTANEOUS NEEDLE 


This page intentionally left blank 





PERCUTANEOUS NEEDLE 


TENOTOMY 


Todd P. Stitik « Andrew Chang ¢« Milin Vora « John Georgy ¢« Shounuck [ Patel 


CHAPTER OUTLINE 


11.1 INTRODUCTION 


11.2 TENDONS 
11.2.1 Histology 
11.2.2 Pathophysiology 


11.2.3 Medication-related 
tendinopathy 


11.3 PERCUTANEOUS NEEDLE 
TENOTOMY GOALS 


KEYWORDS 


percutaneous needle tenotomy (PNT), 
tendinopathy, ultrasound-guided 
percutaneous tenotomy. 


11.1 INTRODUCTION 


Percutaneous needle tenotomy (PNT ) is a rela- 
tively new technique for treating symptomatic 
tendon pathology (tendinopathy). The entire 
topic of tendon dysfunction is rapidly evolving. 
Historically, pain believed to be of tendon origin 
was simply and in retrospect, often incorrectly, 
labelled as ‘tendinitis’. Closer investigation led 
to the fnding that most cases of symptomatic 
tendon dysfunction were not actually secondary 
to acute inflammation, i.e. tendinitis. Instead, 
the tendon dysfunction represents a more 
chronic process during which signif cant histo- 
logical changes develop within tendon tissue. 
T he term tendinopathy is now becoming increas- 
ingly used to describe pain of tendon origin, 


People, like wine, should improve with age. 
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11.4 PERCUTANEOUS NEEDLE 
TENOTOMY TECHNIQUE 
11.4.1 Detailed description 


11.5 LITERATURE REVIEW 
11.6 SUMMARY 
11.7 REFERENCES 


particularly for situations in which the pathology 
has not developed acutely. 

Traditional treatments for ‘tendinitis’ often 
included measures intended to combat inflam- 
mation. These typically consisted of oral 
anti-inflammatory medications (especially non- 
steroidal anti-inflammatory drugs [NSAIDs]J), 
ice, rest and corticosteroid injections, which 
were most commonly performed in a non- 
image-guided fashion. While patients often 
had temporary pain relief from this treatment 
regimen, pain would frequently recur and some- 
times become chronic. 

With the more recent recognition that true 
tendinitis was not necessarily involved in many 
cases of tendon-based pain, other theories about 
treatment emerged. One of these treatment 
strategies is known as PNT. Simply def ned, 
PNT involves the insertion of a needle into the 
tendon in a plane that is parallel to the longitu- 
dinal axis of the tendon. Once placed into the 
tendon, the needle is directed in between the 
tendon fbres in a repetitive fashion within 
those areas of the tendon that are pathological 
(tendinopathic). If underlying cortical bone is 
also pathological, the technique ideally involves 
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inserting the needle down to this bony attach- 
ment such that the needle is used to abrade 
the underlying bony surface. This technique is 
probably best performed under real-time image 
guidance using ultrasound in order to direct the 
needle reliably into the tendon itself and more 
specif cally into those areas of tendinopathy as 
well as into areas of underlying cortical irregu- 
larity, when present. The exact technique with 
respect to technical details, tips and advice as 
well as a review of the literature examining this 
technique will be presented below. 


11.2 TENDONS 
11.2.1 Histology 


Tendons are composed of 80% collagen and 
have the highest tensile strength of any tissue in 
the body. Ultrastructurally, tendons are com- 
posed of microf brils which are grouped together 
into fbrils and then grouped into bundles and 
then into fascicles (f gure 11.1). The endotenon 
allows sliding of the tendons whereas the epi- 
tenon contains the neurovascular bundle. Some 
tendons (e.g. Achilles tendon) also have an outer 
covering, known asa paratenon, which allows for 
better movement by further minimizing friction. 
Tendons are generally considered to be less met- 
abolically active compared to other tissues and 
are thus less responsive to stressors. The nerve 
supply is mainly sensory and proprioceptive and 
is particularly concentrated at the musculotendi- 
nous junction. 


11.2.2 Pathophysiology 


Several different terms are used to describe 
the pathophysiology involving tendons, as 
summarized in table 11.1.'* Tendinopathy is the 
general term describing pathological tendons 
and encompasses both tendinosis and tendinitis. 
The term tendinosis refers to intratendinous 
degeneration without inflammation. Aetiologies 
include ageing, vascular compromise and repeti- 
tive trauma. Tendinitis is the term referring to 
the acute inflammatory disruption of the tendon. 
Paratenonitis (formerly peritendinitis, tenosyno- 
vitis, tenovaginitis) by def nition is inflammation 
of the outer tendon structures more superf cial 
then the epitenon. Of note, paratenonitis can 
occur with or without tendinosis. W hile tendi- 
nosis can occur with or without pain, parateno- 
nitis usually presents with pain and swelling. The 
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FIGURE 11.1 = Normal tendon. 





A broad term given to pathological tendons including, but not limited to, both 


tendinitis (Gnfammation) and tendinosis (degenerative). 


Chronic accumulation of degenerative processes within the tendon without the 


presence of infammation. Although infammation may be involved with initial 
injuries, failed or ineffective tendon repair/healing can perpetuate the pain and 
disability. Pain is not associated with infammatory mediators, but other 
irritable biochemical substances such as lactate, glutamate or substance P. 


TABLE 11.1 Current terminology used in tendon pathology 
Term Description 

Tendinopathy 

Tendinosis 

Tend initis 


Infammation of the tendon following acute tendon injuries causing symptomatic 


degeneration with vascular disruption and infammatory repair. Tendinitis can 
be subdivided based on duration into acute (<2 weeks), subacute (4-6 weeks) 
and chronic (>6 weeks). There are three recognized histological subgroups: 
(1) purely infammatory; (2) infammatory superimposed on pre-existing 
degenerative changes; and (3) calcification with tendinosis in chronic 


conditions. 

Paratenonitis (formerly: 
peritendinitis, 
tenosynovitis, 
tenovaginitis ) 


A term that refers to infammation of the paratenon (whether synovial-lined or 
not). The epitenon is surrounded by a connective tissue structure called the 
paratenon which may or may not be lined by synovial cells. Together, the 
epitenon and paratenon are referred to as the peritendon. 


lack of pain sometimes associated with tendino- 
sis explains why there can be tendon ruptures 
without ‘advance warning’ in the form of pain. 
T his often occurs in areas of relatively low vas- 
cularity (e.g. Achilles tendon at 2-6 cm proximal 
to its insertion). 


KEY POINTS 


The term tendinosis refers to intratendinous 
degeneration without inflammation. 


Repetitive microtrauma leads to scar tissue 
formation which is not as mechanically strong as 
normal tissue. This is an explanation as to why 
arupture can occur. Scar tissue can develop with 
both acute trauma and repetitive overuse. Tend1- 
nosis can be thought of as failure of adaptation 
on the part of the cell matrix to the chronic 
repetitive load/trauma. 

Pathophysiological changes involved with 
tendinopathy are becoming increasingly under- 
stood. Changes include those involving the col- 
lagen within tendon fbres when subjected to 
pathological forces such as repetitive activities or 
the opposite — 1.e. disuse, which causes collagen 
within tendons to become irregular and uneven 
as well as inducing formation of dilated veins and 
capillaries (reducing overall weight, stiffness and 
tensile strength).’ Changes within the tendon 
connective tissue also include the formation of 
calcif cation, which is believed to be derived 
from bleeding within the tendon.’ Partial tears 
within the tendon itself can lead to f brous scar 
tissue formation. This scar tissue collagen is 
weaker and less flexible than the original tendon 
collagen, resulting in increased risk of further 
damage and increased tendon stiffness. 

Inflammatory-type changes (paratenonitis) 
can also occur within the connective tissue 
surrounding tendon, known as paratenon, which 
may or may not be lined with synovial cells. 
Pathological changes can occur in locations 
where tendons contact and rub over bony 
prominences. Clinically paratenonitis presents 
acutely with oedema and hyperaemia, reflecting 
the infltration of inflammatory cells. In this 
acute stage a f brinous exudate flls the tendon 
sheath, manifesting as crepitus on physical exam- 
ination. Chronically fbroblasts, myof broblasts 
and lymphocytes appear, causing new and thick- 
ened connective tissue adhesions as well as vas- 
cular proliferation. 

The cortical bone on to which the tendon 
inserts can also undergo pathological changes. 
The underlying bone can remodel according to 
Wolf’s law, which states that bone, in a healthy 
person, can remodel in order to adapt to stresses 
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to which it is subjected. This can result in 
the development of underlying cortical irregu- 
larity, particularly at points of repetitive stress. 
Vascular supply to the tendon can be affected. 
Specif cally, neovascularization can occur as the 
tendon attempts to repair itself. Starting at the 
initial stages of healing and lasting throughout, 
angiogenesis and increased vascular permeability 
occur as a result of inflammatory cell migration 
and secretion of vasoactive and chemotactic 
factors (vascular endothelial growth factor and 
nitric oxide). 

T hese pathological changes within the tendon, 
paratenon, blood supply to the tendon and 
underlying bone can be seen to varying degrees 
with diagnostic ultrasound. The ability to detect 
these changes is dependent upon factors such as 
the experience of the ultrasonographer, the depth 
of the tissue relative to the surface of the body, 
the frequency of the ultrasound probe, the quality 
of the ultrasound instrument and its software, the 
use of special parameters on the ultrasound 
instrument (e.g. edge artifact enhancement soft- 
ware for visualization of bone) and the quality of 
the power Doppler on the ultrasound instru- 
ment. Furthermore, the ability to detect these 
pathological changes 1s also dependent upon the 
severity of the pathology. Figure 11.2 illustrates 
typical features of tendinopathy. Figure 11.3 is 
an ultrasound image in a patient with chronic 
lateral epicondyle region tendinopathy. 


11.2.3 Medication-related 
tendinopathy 


Several medications have been implicated 
to varying degrees as causative factors for 
tendinopathy. These medications include fluo- 
roquinolone antibiotics, the statin class 
of cholesterol-lowering medications, corticos- 
teroids, NSAIDs, oestrogens and retinoids. 
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FIGURE 11.2 = Tendinopathic tendon. 
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FIGURE 11.3 = Ultrasound 
tendon. 


of tendinopathic 


image 


11.2.3.1 Fluoroquinolones 


In the USA, the most publicized class of medica- 
tions linked to tendinopathy are the floxacin 
(fluoroquinolones) class of antibiotics which now 
carry a black-box warning, as mandated by the 
Food and Drug Administration. This warning 
states that fluoroquinolones are associated with 
an increased risk of tendinitis/tendon rupture 
and that this risk occurs in all age groups but is 
further increased in older patients (i.e. greater 
than 60 years old), patients taking corticoster- 
oids and patients with kidney/heart/lung trans- 
plants. Patients can present with symptoms of 
tendinopathy as early as 2 hours after the dose 
and as late as 6 months later (approximately 2.4 
cases per 1000 patients using fluoroquinolones; 
50% of cases present within the frst 6 days). 
The association between fluoroquinolones 
and tendinopathy was frst reported in 1983 by 
Bailey et al. from New Zealand,° at which time 
they described patients with severe tendinopathy 
who had received fluoroquinolones and had a 
previous kidney transplant. T his was followed by 
multiple case reports and then in 2003 Khaliq 
and Zhanel’ published a meta-analysis in which 
they summarized the results of 98 cases. 
Although the exact mechanism of action 
of fluoroquinolone-induced tendinopathy is 
unclear, the histological changes in this form of 
tendinopathy are essentially identical to that 
found in cases of simple overuse tendinopathy. 
Williams et al. studied this in a canine popula- 
tion, where they found an increase in matrix 
degradation and a decrease in matrix synthesis, 
which decreases the structural integrity of the 
tendon.® In 2000, Shakibaei et al.’ studied 
magnesium chelation and its role in stabilizing 
the structural integrity of tenocytes in rats. 
Fluoroquinolones are in fact known to chelate 
cations. Thus a relative magnesium def ciency 
due to fluoroquinolone-induced chelation has 


been suggested. Other studies have looked at 
fluoroquinolone-induced alterations in matrix 
metalloproteinase pathways as well as collagen- 
olysis. Sendzik et al.'° also studied induction of 
apoptosis as a potential fluoroquinolone-related 
mechanism for tendinopathy. Finally, other 
studies have looked at oxidative damage ‘door 
damage’, another mechanism which has led to 
the thought of preventing oxidative damage by 
giving antioxidants such as vitamin E and coen- 
zyme Q 10. 

Clinically, fluoroquinolone-induced tendin- 
opathy usually presents as acute pain and swell- 
ing, often bilaterally and particularly affecting 
the Achilles tendon, common wrist extensors, 
fnger flexors and patellar tendon. Fluoroqui- 
nolones are a very commonly prescribed class of 
antibiotics whose use has been also called into 
question in young athletic patients who perform 
a lot of repetitive tendon-loading activities.’ 
Anecdotally, one of the authors (TPS) recalls 
his training as a resident in internal medicine 
and the antibiotic Levaquin® being commonly 
referred to as ‘vitamin L’. To this day, the fluoro- 
quinolones remain the number-one class of anti- 
biotics prescribed for adults in the USA. 


11.2.3.2 Statin class of 
cholesterol-lowering medications 


Another medication class strongly implicated 
in the pathogenesis of tendinopathy is the 
statin class of cholesterol-lowering medications. 
Unlike the fluoroquinolones, which appear to 
have variations with respect to the likelihood 
of causing tendinopathy, the statin effect on 
tendinopathy appears to be a class phenomenon, 
1.e. these medications cause tendinopathy and 
switching from one agent to another is of no 
benef t with respect to potentially decreasing the 
chance of tendinopathy production. As opposed 
to the fluoroquinolones, statins also do not 
have a dose-dependent relationship. In a review 
published in France,’* 96 cases of statin-induced 
tendinopathy were analysed. The study con- 
cluded that 2-13% of patients exposed to statins 
develop tendinopathy and that the Achilles 
tendon was the most commonly affected tendon, 
followed by the quadriceps tendon, wrist exten- 
sors and then biceps brachii tendon. The onset 
was as soon as 4 hours after the dose to as late as 
several years after. Bilaterality was described in 
41% of patients. Symptom resolution within 1—2 
months of discontinuing the statin was typical. 
The proposed mechanism of action was 
that blocking of cholesterol synthesis decreased 
cholesterol within the tenocyte cell membrane, 
destabilizing the tenocyte. T his ultimately alters 


the tendon’ structural integrity. Statin-induced 
vascular apoptosis can have a detrimental effect 
on vascular smooth muscle, which can then lead 
to apoptosis of the tenocyte. Statins are also 
believed to reduce the level of regulatory pro- 
teins, particularly metalloproteinases. The exact 
prevalence is unknown: it is felt to be higher than 
that reported, as most patients have mild to mod- 
erate symptoms and thus there may be under- 
reporting. Males are more commonly affected 
(2.1:1 ratio), with age of onset most commonly 
in the 50s. Comorbid illnesses — in particular, 
diabetes and hyperuricaemia — increase the risk 
of statin-induced tendinopathy. 


KEY POINTS 


Fluoroquinolone antibiotics, the statin class of 
cholesterol-lowering medications, corticoster- 
oids, NSAIDs, oestrogens and retinoids can 
cause tendinopathy. 


11.2.3.3 Corticosteroids 


Corticosteroid-induced tendinopathy has also 
been reported. The mechanism is believed to be 
due to a decrease in local vascularity induced by 
the steroid. Most of the studies on corticosteroid- 
induced tendinopathy have involved the inject- 
able corticosteroids. T he issue of tendon rupture 
as it relates to injectable corticosteroids has 
been examined in some detail. Because of this 
potential, alternative treatment techniques such 
as PNT and EPI® have been developed. Oral 
steroids have been examined as part of concomi- 
tant use with fluoroquinolones. This combina- 
tion is believed to cause a synergistic effect on 
tendinopathy. In contrast, there is little evidence 
that oral steroids when used alone can cause 
tendinopathy. 


11.2.3.4 Non-steroidal 
anti-in flammatory drugs 


There is less evidence that NSAIDs per se can 
cause tendinopathy. This is a major potential 
issue as many physicians still treat tendinopathy 
as though it is tendinitis and therefore prescribe 
NSAIDs. There is some animal evidence in rat 
studies'’ which suggests that NSAIDs reduce 
tendon healing. Specif cally, reduced healing 
of the supraspinatus tendon in rats has been 
demonstrated as it relates to NSAID use. An 
inhibition of tendon cell migration and prolif- 
eration was found. Ibuprofen is the NSAID that 
is most highly correlated with the development 
of tendinopathy. 
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11.2.3.5 Oestrogens 


Oestrogens have also been somewhat implicated 
in the development of tendinopathy. This is an 
important issue as oestrogens are now widely 
used as part of oral contraceptives and oestrogen 
replacement therapy. The data however are 
unclear as to whether or not oestrogens are actu- 
ally deleterious to tendons or in fact protective. 
Oestrogen playing a protective role in tendin- 
opathy was raised as an issue given the increased 
rates of tendinopathy in postmenopausal women. 
In contrast, Holmes et al.'* in 2006 examined 
oestrogens as part of oral contraceptives and sug- 
gested that these may be a causative factor for 
tendinopathy development. Oestrogen receptors 
are found on tenocytes, suggesting that a reduc- 
tion in collagen synthesis due to oestrogens could 
be a mechanism for tendinopathy production. 


11.2.3.6 Retinoids 


Retinoids, a form of vitamin A synthetic deriva- 
tives, have been found to produce skeletal 
changes, including premature closure of the 
proximal tibial epiphysis, ossif cation and hyper- 
ostosis of the spine and calcif cation of the ante- 
rior and posterior longitudinal ligaments. The 
frst case of tendinopathy due to retinoids was 
described in 1983.'°'° The only current data at 
the time of writing are available in the form of 
case reports and descriptive case series. Most of 
the case reports have described enthesopathy.'’ 
Enthesopathy can develop as soon as 5 weeks 
after treatment initiation or become sympto- 
matic after many years. No specif risk factors 
have been identif ed. 


11.3 PERCUTANEOUS NEEDLE 
TENOTOMY GOALS 


Goals of treatment with PNT are really twofold: 
(1) to reduce pain and any other symptoms; (2) 
to restore normal tendon architecture. Simply 
reducing or temporarily eliminating a patient’ 
pain is not adequate with respect to the ‘big 
picture’. Perhaps the main problem with cort1- 
costeroid injections for tendinopathy in general 
is the very temporary pain relief that they 
often provide. Without treating the underlying 
pathology directly and addressing any risk factors 
why the problem to have developed, the symp- 
toms will probably return. PNT attempts to 
correct directly the underlying pathophysiology, 
described in detail above. In doing so, it is 
expected that the tendinopathy-associated pain 
will eventually cease. For any weakness that may 
have developed due to the pain, rehabilitation 
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FIGURE 11.4 = Increased power Doppler signal at lateral 
epicondyle tendon insertion. 


should be ideally prescribed as an adjunctive 
measure to correct muscular atrophy. Thus, a 
combined treatment approach is advocated, in 
which the symptoms are managed, the underly- 
ing pathophysiology is corrected, risk factors 
for development of the condition in the frst 
place are modifed or ideally eliminated, and 
any strength and/or functional def cits that have 
developed are corrected. If all of these goals can 
be accomplished, then one would anticipate that 
the patient has been cured of the tendinopathy 
and its sequelae. In contrast, if any of these goals 
are not met, then the potential for symptomatic 
recurrence is a reality. 

In some circumstances, corticosteroid injec- 
tions and PNT will need to be combined sequen- 
tially. For example, I managed a patient with 
chronic lateral epicondylosis who suffered an 
activity-related flare of her lateral epicondyle 
symptoms. Evaluation under ultrasound using 
colour power doppler (CPD) signal was consist- 
ent with an acute flare of true epicondylitis 
(fgure 11.4). She was managed with a corti- 
costeroid injection in order to ‘cool off’ her 
acute lateral epicondylitis. This was followed 
approximately 6 weeks later by PNT. The CPD 
signal after the corticosteroid injection at a 
follow-up visit approximately 1 month later had 
signif cantly decreased. Her symptoms had also 
decreased, but she continued to have chronic 
low-grade symptomatology that was more con- 
sistent with her chronic epicondylosis. PN T was 
performed in light of her symptoms in the setting 
of chronic tendinopathy, including a lateral epi- 
condyle spur (f gure 11.5). Subsequent follow-up 
revealed a marked improvement in overall symp- 
toms. T his was an example of how an appropri- 
ately timed corticosteroid injection with 
subsequent PNT was used to manage an acute- 
on-chronic flare of tendinopathy successfully. 

A modif cation of PNT which the senior 
author (TPS) has coined a ‘mini-tenotomy’ can 
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FIGURE 11.5 = Percutaneous needle tenotomy proce- 
dure: lateral epicondyle. 


be performed during a local anaesthetic injec- 
tion targeting a calcifcation within a tendon. 
A typical scenario is a patient with a discrete 
calcif cation within a tendon. Sonopalpation 
may suggest that the calcif cation is painful. In 
order to help with the diagnosis of symptomatic 
tendinopathy, a small amount of local anaes- 
thetic can be injected adjacent to the calcif ca- 
tion. During the injection procedure the needle 
can be moved through the tendon containing 
the calcif cation in a manner analogous to ten- 
otomy. One given example of this is a patient 
who had been performing repetitive exercises 
using a ‘total gym’ machine. While there were 
no overt signs of tendinopathy other than the 
minor calcif cation, his response to the injection 
both acutely and over time is indicative of how 
a focal defect can be quite painful. The decision 
was made not to inject corticosteroid at his time 
of presentation in an attempt to see if prolonged 
relief could be achieved through the lidocaine 
injection. The patient subsequently reported 
prolonged pain relief. 


11.4 PERCUTANEOUS NEEDLE 
TENOTOMY TECHNIQUE 


11.4.1 Detailed description 


Box 11.1 gives a detailed step-by-step descrip- 
tion of a typical PNT procedure. T his descrip- 
tion is used within a patient’ procedure note as 
part of the medical record to document the 
procedure. 


11.5 OTERATURE REVIEW 


A limited number of articles have been published 
in journals both domestically and internationally 
documenting the safety and effectiveness of 
PNT using sonographic guidance. 


Step-by-step description 
of a typical percutaneous 
needle tenotomy procedure 





¢ Written/signed informed consent was obtained 
after the potential benef ts and side effects of the 
procedure, including tendon rupture, were 
explained to the patient, and after opportunity 
for questions was provided 


PREPARATION 


¢ The patient was positioned appropriately on the 
procedure table 

¢ The overlying skin was prepped with 30-second 
scrub with chlorhexidine and allowed to dry 

¢ The ultrasound probe was sterilized with a PDI 
wipe and sterile ultrasound gel was applied to 
the probe 

¢ The procedure needle was bent at the base with 
bevel down in order to facilitate insertion paral- 
lel to tendon f bres (f gure 11.6) 


PROCEDURE 


¢ During the procedure, local anaesthesia was 
maintained by intermittently injecting the fol- 
lowing solution through the spinal needle: 1% 
preservative-free lidocaine 

¢ Using direct ultrasound visualization, a22-gauge 
spinal needle of appropriate length was guided 
to the target tendon 

¢ The needle was adjusted accordingly through- 
out the procedure so that aspiration was negative 
for blood return 

¢ Tenotomy: 20-30 needle passes were made 
through the abnormal region of the tendon 
under ultrasound guidance 

¢ A Band-Aid was placed over the needle entry site 


RECOMMENDATIONS 


¢ Patient was advised to avoid icing the area, anti- 
inflammatory medications and excessively stren- 
uous activities of that body region 

¢ We discussed likelihood of increased postproce- 
dure pain as localized inflammation is induced 

¢ Contact me with any questions/concerns 





needle tenotomy procedure. 
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In one of the frst publications'* documenting 
PNT as a procedure, the long-term results of 
ultrasound-guided percutaneous longitudinal 
tenotomy of the Achilles tendon were reported. 
Athletes with unilateral Achilles tendinopathy 
underwent ultrasound-guided PNT under local 
anaesthetic inf lItration after failure of conserva- 
tive management. There were 75 subjects in the 
study, in which 63% of patients were reviewed at 
least 36 months after the procedure. The 
recorded outcomes included 35 patients who 
were rated as excellent, 12 good, 9 fair and 7 
poor. Nine of the 16 patients with a fair or poor 
result underwent a formal exploration of the 
Achilles tendon 7-12 months after the proce- 
dure. The operated tendons remained thickened 
and the ultrasonographic appearance of operated 
tendons remained abnormal even 8 years after 
the operation, without interfering with physical 
training. Isometric maximal muscle strength and 
isometric endurance gradually returned to values 
similar to their contralateral unoperated tendon. 
The authors concluded that percutaneous longi- 
tudinal ultrasound-guided internal tenotomy is 
simple, can be performed on an outpatient basis, 
requires minimal follow-up care, does not hinder 
further surgery if it is unsuccessful and, in their 
experience, has produced no signif cant compli- 
cations. It should be considered in the manage- 
ment of chronic Achilles tendinopathy after 
failure of conservative management. However, 
patients should be advised that, if they suffer 
from diffuse or multinodular tendinopathy or 
from pantendinopathy, a formal surgical explora- 
tion with stripping of the paratenon and multiple 
longitudinal tenotomies may be preferable. 

In a research article by McShane et al.,'” the 
authors reported pain relief and improved func- 
tionality of the common extensor tendon using 
PNT. Sonographically guided PN T was given to 
58 consecutive patients with persistent pain from 
tendinosis of the common extensor tendon. All 
patients with recalcitrant symptoms and who had 
fndings on sonography of tendinopathy were 
offered the procedure after failing multiple non- 
surgical treatments. The results showed that 35 
(63.6%) of 55 respondents reported excellent 
outcomes, 16.4% good, 7.3% fair and 12.7% 
poor. It was concluded that sonographically 
guided PNT for lateral elbow tendinosis is a 
safe, effective, and viable alternative for patients 
in whom all other non-surgical treatments failed. 
A better way to evaluate outcomes in this study 
may have been to assess specif c functional abili- 
ties both before and after the procedure. 

The authors published a second study” in 
which they evaluated the effcacy of a corti- 
costeroid injection in conjunction with PNT. 
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Patients were similarly treated and the results 
showed that, of the 52 patients who agreed to 
participate. 30 (57.7%) reported excellent out- 
comes, 18 (34.6%) good, | (1.9%) fair and 3 
(5.8%) poor. The authors concluded that sono- 
graphically guided PNT for a lateral elbow 
tendinosis is a safe and effective treatment even 
without subsequent corticosteroid injections and 
on the basis of this study they no longer inject 
corticosteroids when performing PNT. 


KEY POINTS 


Sonographically guided PNT isa safe and effec- 
tive treatment for tendinopathy. 


A study done at Shanghai Jiao Tong Univer- 
sity, China by the Department of Ultrasound 
Medicine was published*' which evaluated the 
effcacy of PNT under sonography in treating 
lateral epicondylitis (‘tennis elbow’). Ultrasound- 
guided percutaneous needle puncture was per- 
formed on 76 patients presenting with persistent 
elbow pain. Under a local anaesthetic a needle 
was advanced to the calcifcation foci, which 
were mechanically fragmented. This was fol- 
lowed by a local injection of 25 mg prednisone 
acetate and 1% lidocaine. A visual analogue scale 
(VAS) was used to evaluate the degree of pain 
pre-and posttreatment at 1 week and 24 weeks. 
T he results showed that, of the 76 patients, 55% 
were rated as excellent outcome, 32% good, 
11% average and 3% poor. From 3 weeks post- 
treatment VAS scores were signif cantly reduced 
compared with pretreatment scores and contin- 
ued to decline up to 24 weeks posttreatment. 
Sonography demonstrated that the calcif ed 
lesions disappeared completely in 13% of 
patients, were reduced in 61% of patients and 
did not change in 26%. Colour Doppler flow 
signal used to assess haemodynamic changes 
showed improvement in most patients. It was 
concluded that ultrasound-guided percutaneous 
needle puncture is an effective and minimally 
invasive treatment of tennis elbow and sonogra- 
phy can be used to identify the puncture location 
accurately and monitor tendon morphology. 

A publication by Housner et al.” confrms 
initial reports showing that PNT without corti- 
costeroid injection is effective for the treatment 
of tennis elbow. T his case series report described 
the effectiveness of this procedure on various 
tendons throughout the body. In this report, 14 
tendons in 13 patients were identif ed as having 
a greater than 6-month history of clinical pres- 
entation consistent with tendinopathy that had 
failed treatment with physical therapy. All the 


patients were treated with sonography- guided 
PNT and a local anaesthetic. A VAS pain score 
measurement was obtained before the procedure 
and at 4- and 12-week follow-up visits. The 14 
tendons in the study included patellar (5), Achil- 
les (4), proximal gluteus medius (1), proximal 
iliotibial tract (1), proximal hamstring (1), 
common extensor elbow (1) and proximal rectus 
femoris (1). The composite VAS score was sig- 
nif cantly lower at both 4 weeks (mean + SEM, 
2.4 + 0.7) and 12 weeks (2.2 + 0.7) compared 
with the baseline (5.8 + 0.6; P < 0.001). The 
results of this study imply that PNT is effective 
in reducing pain in patients with chronic tendi- 
nopathy, without complications. 

A 2013 publication by Kanaan et al.~ reported 
on a study to determine whether any sonographic 
features of patellar tendinosis (jumper’s knee) can 
predict the outcome after sonographically guided 
percutaneous patellar tendon fenestration (ten- 
otomy). Aretrospective sonogram interpretation 
to characterize patellar tendon changes was doc- 
umented on the basis of length, width, antero- 
posterior dimension, def nition (well-def ned or 
poorly def ned) of the focal tendinosis (hypoe- 
choic abnormality), ratio of the abnormal tendon 
echogenicity to the entire thickness of the tendon 
measured in the anteroposterior dimension, dis- 
tance of the focal tendinosis from the patella, 
patellar cortical irregularity, presence of calcif - 
cation within the patellar tendon (echogenic 
foci with possible shadowing) and the presence 
of increased vascularity. The study included 45 
patellar tendons in patients with an average pre- 
procedure functional pain score of 3.6 (range, 
2-5), and an average postfenestration pain score 
of 1.4 (range, 0-5) 4 weeks after the procedure. 
The authors concluded that the presence of a 
well-defned area of tendinosis at the patellar 
tendon correlated signif cantly with clinical 
improvement of patients with jumper’s knee 4 
weeks after songraphically guided patellar tendon 
fenestration (tenotomy). After the procedure, 
76% (34 of 45) showed clinical improvement, 
24% (11 of 45) showed no change and 0% (0 
of 45) had worse symptoms after 4 weeks. The 
authors also documented that other sonographic 
fndings, such as increased vascularity, did not 
correlate with clinical improvement. Some of the 
limitations to this study include small sample size 
and selection bias. 

In addition to the growing trend of PNT, 
researchers have tested the eff cacy of platelet- 
rich plasma (PRP) injection in conjunction with 
PNT. PRP has emerged as a treatment alterna- 
tive for many musculoskeletal conditions. 
Although concentrated platelet therapy, which 
includes PRP, has been used for 20 years, it has 


hess 


been popularized by the media after its positive 
effects were reported to be responsible for an 
American professional football player’s acceler- 
ated return to play and subsequent victory in the 
2009 Super Bowl.” 

PRP injections following PNT, resulting in 
pain reduction, functional improvement or 
structural alterations in patients with chronic, 
recalcitrant tendinopathy were the main f nding 
of the study.” Participants were required to have 
chronic (©3 months) recalcitrant tendinopathy. 
The design was done in two parts, with part A 
being a retrospective observational study in 
which subjects completed a survey obtaining 
data. Subjects’ platelet, haemoglobin and white 
blood cell concentrations from their whole- 
blood and PRP samples were also obtained. 
There were 51 subjects who met the inclusion 
criteria, of which 41 participated in part A and 
34 subjects participated in part B, a prospective 
observational study. Part B had subjects return 
to the clinic after PNT and PRP injection for a 
diagnostic ultrasound, which was compared with 
their pre-procedure diagnostic ultrasound. The 
tendinopathy location was in the upper extrem- 
ity in 10 subjects, the lower extremity in 31 sub- 
jects, and had been present for an average of 40 
months. Results showed that the mean postpro- 
cedure follow-up was 14 months, and the 
maximum benef ts occurred 4 months after the 
procedure. There were functional and worst- 
pain improvements of 68% and 58%, respec- 
tively, and 83% of patients were satisfed with 
their outcomes and would recommend the pro- 
cedure to a friend. Although no tendons demon- 
strated a normal sonographic appearance after 
the procedure, 84% of subjects had an improve- 
ment in echotexture, 64% had a resolution of 
intratendinous calcifcation and 82% had a 
decrease in intratendinous neovascularity. The 
authors of the study found ultrasound-guided 
PNT followed by PRP injection to be safe 
and effective treatment of chronic, recalcitrant 
tendinopathy, and this treatment was associated 
with sonographically apparent improvements in 
tendon morphology. Some limitations of this 
study include the intrinsic nature of the design 
and heterogeneity of treated tendons. 


11.6 SUMMARY 


Tendinopathy is being increasingly recognized 
as a major cause of musculoskeletal pain. Risk 
factors have been identif ed and the basic science 
behind the pathophysiology of tendinopathy is 
being elucidated. The traditional treatment 
of tendon pathology in general has typically 
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included N SAIDs, ice and rest. Results using this 
treatment approach for chronic tendinopathy 
have been largely disappointing, with short-term 
benef t the typical result. PNT has been shown 
to be arelatively straightforward outpatient pro- 
cedure that usually requires minimal follow-up 
care, does not preclude the performance of 
subsequent surgery if required, and has pro- 
duced no signif cant complications. Literature 
on ultrasound-guided PNT, although limited, 
has shown consistent overall benef cial outcomes 
with respect to effectiveness and safety in the 
clinical setting. PNT is now being explored in 
combination with other treatments. For instance, 
PRP injections in conjunction with PNT have 
shown signifcant beneft in the treatment of 
tendinopathy. Eccentric strengthening 1s another 
potentially very useful treatment that warrants 
study in conjunction with PNT and PRP. 
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12.4 REFERENCES 


12.1 INTRODUCTION 


12.1.1 Intratissue percutaneous 
electrolysis (EPI®) 


12,1,1.1 Concept 


EPI® is an invasive physiotherapy technique 
consisting of the ultrasound-guided application 
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of a galvanic continuous current (CC) via a 
puncture needle that acts as a negative electrode 
(cathode). This provokes an electrochemical 
reaction in the degenerated region of the 
tendon'” which consists of a non-thermal elec- 
trochemical and local ablation that induces 
cellular necrosis via an electrolytic reaction pro- 
duced by the cathode flow (CF). A local inflam- 
matory response is then produced in the soft 
tissue, thus enabling phagocytosis and repair of 
the affected tissue. 

The galvanic electric current applied onto the 
body is characterized as being continuous, unin- 
terrupted and of constant intensity. T his has pri- 
marily two basic effects: electrochemical and 
electrophysical. 

The electrochemical effect of EPI® is based 
on the use of the cathode as an active electrode. 
The human body, which is composed of more 
than 80% water and electrolytes, displays similar 
behaviour to a solution of sodium chloride with 
the passage of an electrical current. When an 
electric current 1s applied to an electrolytic con- 
ductor, such as that formed by all interstitial and 
bodily fluids, electrolytic dissociation is pro- 
duced. Liberation of sodium hydroxide (2NaOH ) 
is also produced on the negative electrode. T his 
triggers immediate activation of the inflamma- 
tory response necessary to re-establish repair of 
the altered soft tissue and tissue liquefaction with 
a liberation of hydrogen (H,). 


2Na+2H,O =2Na0H +H, (alkaline) 


Together with this, the electrophysical effect 
consists of the migration of the electrically 
charged molecules (e.g. proteins, lipoproteins) 
towards one of the poles. The main consequence 
of this ionic movement is activation of analgesic 
endogenic mechanisms and vascular responses. 
The following defnition of EPI® reflects 
these facts: 
¢ Electrolysis: the flow of a continuously 
applied electrical current causes sodium 
chloride and water in our bodily tissues to 
decompose into their basic chemical ele- 
ments. These then rapidly regroup and 
form completely new substances. This 
process is called electrolysis. 
¢ Percutaneous: this refers to the fact that the 
application is performed through the skin, 
using a needle. The needle acts as a pas- 
sageway for the electrical current, in the 
same way as the cork electrodes or superf - 
cial adhesive electrodes work in other elec- 
trotherapy techniques. 
¢ Intratissue: the galvanic electrical current is 
directed straight on to the affected tissue 
within the body using a local application 


that is supported by musculoskeletal ultra- 
sound (ultrasound-guided applications) or 
palpation (manual applications). The gal- 
vanic current is applied to the inside of the 
tissue. T his is unlike other applications that 
use this type of electrical current from the 
surface, such as iontophoresis. 


KEY POINTS 


EPI® under ultrasound guidance consists of the 
application of a CC through a puncture needle 
which acts as a negative electrode (cathode) and 
which triggers an electrochemical reaction in the 
degenerated area of the tendon. T he main objec- 
tive of percutaneous electrolysis is to produce 
electrolytic ablation of the degenerated tissue.” 


12.1.1.2 History 


EPI® is a technique developed by the Spanish 
physiotherapist José Manuel Sanchez Ibanez in 
Barcelona. Since he completed his physiother- 
apy studies in 1991, his clinical work and line 
of research have consistently been related to 
sport injuries. In 1992 his participation as a vol- 
unteer physiotherapist at the Barcelona Olympic 
Games proved a decisive moment, as he wit- 
nessed, at frst hand, the number of athletes who 
suffered from chronic tendinopathy. Many were 
forced to compete while on non-steroidal anti- 
inflammatory drugs (NSAIDs) treatment or cor- 
ticosteroid inf Itrations. T hese athletes had tried 
all types of treatment but their hope for eventu- 
ally f nding a cure was fading fast. Conventional 
treatments were not suffciently effective to 
resolve many lesions, which, due to their clinical 
and histopathological relevance, were forcing 
many athletes to retire from competition. 

The main problem was how best to treat 
chronic tendinopathies. It was not until the year 
1997 when the frst studies on the histopatho- 
logical causes of tendinopathies were published 
by authors such as Cook, Jozsa, Jarvinen Davis 
and Woo (1997), Almekinders (1998), Khan 
(2000)* and Alfredson (2002), whose clear line 
of research changed the therapeutic approach 
model in these types of condition. From then on, 
everything began to fall into place. T he chronic- 
ity of many tendon lesions was not due to chronic 
inflammation (tendinitis) but was rather associ- 
ated with a degenerative process of the tendon 
(tendinosis). At that point Sanchez Ibanez under- 
stood why many of the ‘tendinitis’ cases he 
had seen did not improve after the supposedly 
correct anti-inflammatory based treatment. T his 
was simply because it was not the appropriate 
treatment. 
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In 1998 Sanchez Ibanez began studying 
the subject of chronic patellar tendinopathies 
in depth, covering all areas of knowledge: 
basic science, clinical symptoms, histopathology, 
image diagnosis and treatment interventions. 
Between 1998 and 2000 he dedicated his time 
almost exclusively to working and developing 
a new approach for tendinopathies: EPI®. 
The need to achieve precise localization of the 
focus of the lesion in tendinopathies, plus the 
requirements for safety and effectiveness, led 
to the technique being applied with ultrasound 
guidance. 

From the year 2008, Sanchez-Ibanez began 
sharing his knowledge and experience with 
the rest of the scientifc community, and also 
began training physiotherapists via postgraduate 
courses. Currently (2015) EPI® training courses 
are organized by different private and public 
institutions, universities and professional boards, 
which are accredited by the Commission of 
Continued Training of the Health Professions of 
the N ational Health System in Spain. Currently, 
more than 1500 physiotherapists are trained in 
Spain; the remainder are based in Europe and 
South America. 


12.1.2 Theoretical model of the 
effect of EPI® 


12.1.2.1 Physiotherapy background 


At present, the role of physiotherapy in the treat- 
ment of tendinopathies is still unclear and, 
according to scientif c evidence, it is impossible 
to reach any real conclusion regarding its effec- 
tiveness.° Initial treatment usually includes a 
programme of rest, ice, electrotherapy, manual 
therapy, anti-inflammatory drugs or cortisone 
injections. However, there is not enough scien- 
tif c evidence on the effectiveness of any of these 
in the treatment of tendinopathies.”* In the last 
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causes the charged ions, Na’ and CI, to 
migrate towards the cathode and the 
anode respectively. In the cathode, the 
Na’ ion reacts with H,O to form sodium 


decade, research has evolved, suggesting novel 
paths of treatment for tendinopathies, especially 
in relation to the use of new conservative or non- 
surgical treatments. Currently, there are a series 
of medical and physiotherapy interventions that 
show promising results for the treatment of this 
condition, although it is still too soon to draw 
any conclusions.’ 

From the mid-1960s, the level of research has 
increased, with the aim of assessing the effects of 
exogenous electric currents on the healing of 
chronic soft-tissue lesions. In contrast to acute 
lesions, chronic soft-tissue lesions fail to heal 
spontaneously within a predictable time frame 
and frequently fail to respond to conventional 
treatment.'” The practice of percutaneous elec- 
trostimulation techniques using acupuncture 
needles in physiotherapy has been around for 
more than two decades.'' These techniques are 
known as percutaneous electrical nerve stimula- 
tion, and currently the results are divergent for 
particular pathological entities.'' 

For a long time, it has been known that the 
application of CC in a solution of salty water 
produces a chemical reaction: the CC causes the 
sodium chloride (NaCl) and water (HO) to 
decompose into their basic chemical elements 
(f gure 12.1), which regroup to form completely 
new substances. This process is called electroly- 
sis." The content of the ground substance, 
which is rich in electrolytes and water, under- 
goes an electrochemical reaction with the passing 
of the CC, and produces a dissociation of the 
basic elements of H;O and NaCl. The CC causes 
the charged ions, Na’ and CI, to migrate towards 
the cathode and the anode respectively. At the 
cathode, the Na’ ion reacts with the H.,O, 
forming sodium hydroxide (NaOH) and H’, 
whereas at the anode, the Cl reacts with H,O, 
forming hydrogen chloride (HCl) and OH. 
T herefore, when these therapeutic doses of CC 
are used in soft tissues, the caustic end-products 
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The effects of EPI® 
(cathode needle) 


Reduced concentration of H™ in the interven- 
tion area 

Modif cation of pH in the intervention area 

Destruction of f brotic and necrosed tissue 

No effect on the needles 

Production of electrochemical neurolysis 

Activation of the necessary inflammatory 
response for renovation of degenerated 
tissue 

Softening and relaxation of the tissue. Tissue 
remodelling is facilitated 

Germicide 


which are formed in the electrode/tissue inter- 
phase can create acid or alkaline pH, depending 
on whether the cathode or anode is used.'” If the 
dose of CC (width of the current in milliamps 
multiplied by the time in seconds) is allowed to 
flow within the pathological tendinous tissue, 
at a specifc width and for long enough, the 
changes in pH in the electrode/degenerated 
tissue interphase would produce tissue irritation. 
This irritation is manifested by a liquefying 
effect (with the material of the myxoid substance 
passing from the gel state to a sol state, i.e. much 
more fluid) and an electrochemical reaction sec- 
ondary to the change of pH. This electrochemi- 
cal reaction is an effective ablation instrument 
when performed in the region where the degen- 
erated collagen tissue and myxoid substance are 
present.'° 

These electrically charged electrolytes are 
called ions and, as a consequence of ionic insta- 
bility, the ions generate the formation of sodium 
hydroxide molecules, which modify pH and 
cause an increase in PO, beneath the active elec- 
trode or cathodic needle. This enables phagocy- 
tosis and biological activation of the repair/ 
regeneration of the tendon (box 12.1), which is 
altered due to the chronicity of the degenerative 
process.’'”"'* 


12.1.2.2 Medical background 


Within the various medical specialities there are 
several scientif c studies that have demonstrated 
that CC is an effective method for the treatment 
of several types of cancer.'’”’ In particular, for 
the treatment of tumour tissue a low-frequency 
CC is used with two or more electrodes placed 
within or around the tumour. T his treatment 1s 
characterized by its effectiveness, minimally 
invasive nature, local action and low cost.”! Nor- 
denstrém”’ describes the possible associated 


mechanisms of this type of therapy and high- 
lights the change in pH, the electro-osmotic 
transport of water and the effects on the flow of 
transmembrane ions as mechanisms that are 
partially responsible for the effectiveness of this 
procedure.” In a histological study performed 
on tumours of the liver in pigs, it was observed 
how, in the tumours treated with electrolytic 
ablation, necrosis of the cancerous cells occurred, 
surrounded by an infltration of lymphocytes. 
T his local inflammatory reaction (after ablative 
electrolysis) could favour the development of a 
local and systemic immune response.” 

The inhibition of tumour growth induced by 
treatment with CC has been described in other 
models, which suggests that one of the mecha- 
nisms responsible for the antitumoural effects of 
CC is the generation of reactive types of oxygen, 
known as chloramines.** CCs can destroy the 
tumour cells via two different mechanisms: 
apoptosis or necrosis. These mechanisms are 
associated with the polarity of the current; the 
cells exposed to anodic flow (AF) are primarily 
subject to apoptosis, whereas those exposed to 
CF die almost in their entirety as a consequence 
of necrosis. T hese studies attribute cellular death 
by apoptosis to reactive types of chlorine (CI, 
Cl,, HCIO) that are generated by the AF, and 
that react with amino acids to produce oxidating 
apoptosis, inducing molecules called chlo- 
ramines.~* Other studies, developed with reactive 
types of oxygen, have demonstrated that the 
oxidants, hypochlorous acid and chloramines, 
induce cell death by apoptosis as a consequence 
of the reaction between reactive types of chlo- 
rine with free amino acids present in the cellular 
suspension.” 

In another study” the influence of the diffe- 
rent amino acids was compared (taurine, arginine, 
lysine, glutamic acid, glutamine and isoleucine) 
as regards viability of lymphoma cells in the 
presence of oxidizing compounds. This study 
found that, depending on the type of amino 
acids, cellular death was caused by either necro- 
sis or by apoptosis. In this experimental model, 
the formation of chloramines, generated by the 
reaction of hydrogen peroxide (H,O,) with 
glutamine and arginine, would include apoptosis 
and necrosis, respectively.° In fact, in 2005, 
Veiga et al.” conf rmed this hypothesis by adding 
L-glutamine into the electrolytic medium during 
exposure of the leukaemic cells to the AF gener- 
ated by the CC. The greatest cytotoxic effect, 
induced by the chloramines generated by CC 
stimulation, has been obtained in the presence 
of the L-tyrosine amino acid. 

The main damage to tumoural cells induced 
by a CC has been linked to the formation of 
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electrolytic byproducts that are capable of killing 
these cells.2’ However, in these studies, death 
of the tumoural cells though CC is not only 
attributed to the effects of the acidif cation of the 
pH and the alkalinization induced by the AF and 
the CF, but also due to the oxidizing compounds 
produced by the AF. In fact, the acidif cation or 
alkalinization of the medium, produced by the 
action of the AF and the CF respectively, cannot 
be considered responsible for cell death, as the 
variations in pH induced by anodic and cathodic 
reactions are not signif cant.** Furthermore, 
when pH 1s artif cially mimicked via incorpora- 
tion of hydrogen chloride, cellular viability does 
not decrease at an equivalent rate as that detected 
with exposure of the AF generated by the CC. 
This suggests that the role of the electrolysis 
products (f gure 12.1), such as chlorine and the 
reactive types of oxygen, is key in elimination of 
the tumour.” 


12.1.3 The use of animal models 
in research 


Several studies point out the need for research on 
animals in order to understand the pathogenesis 
and management strategies of chronic tendin- 
opathy.** T hese studies highlight that all the rel- 
evant criteria regarding the known characteristics 
of human tendinopathies at the clinical, func- 
tional and histopathological level must be found, 
if possible, in the animal model. T he presence of 
a valid animal model allows for the performance 
of detailed studies on the aetiology, molecular 
mechanisms and possible effects of the treat- 
ments available for tendinopathies. T his is due to 
the fact that the animal samples are more homo- 
geneous and easier to control than human beings. 

On the other hand, there is controversy 
regarding the validity of the studies in the animal 
model, when considering whether a pathogene- 
sis of tendinopathy (similar to that in humans) 
can be recreated based on animal models.” 

At present, the reviews on this subject are 
unclear regarding certain aspects, such as the 
true pathogenesis of patellar tendinopathy”; 
repeated overload of the tendon seems to have 
the most solid scientifc support regarding its 
pathogenesis.°' Other fndings, however, offer 
alternative explanations, such as ageing of the 
extracellular matrix, oxidative stress, alteration 
in metabolic turnover of the tendon and degra- 
dation of collagen due to the activity of certain 
enzymes.*’ In a study by Sanchez-Ibajfiez et al.,*” 
injection of collagenase was chosen to induce 
patellar tendinopathy in an animal model, and 
followed the criteria of authors reviewed in the 
scientif c bibliography.” 


In any case, as these are studies performed on 
animals, it is important to exercise caution when 
extrapolating the results to humans. For this 
reason, there is a need for future research based 
on biopsies of human tendons, molecular micro- 
dialysis studies” and histological studies in 
human tendons,” which could shape the direc- 
tion of future studies. In essence, histological 
studies of the tendon must be performed to 
gather further information regarding the behav- 
iour of the tendon tissues treated with EPI®. 
T his would enable more detailed analysis of the 
changes and histological cycles that occur during 
the repair process. 
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Basic research using animal models is fundamen- 
tal in order to understand the molecular and 
histological mechanisms of tendinopathies, as 
well as for gaining better knowledge of the effec- 
tiveness of the EPI® technique. 


12.2 MACROSCOPIC STUDIES AND 
THE MOLECULAR MECHANISMS OF 
EPI@ APPUED TO THE TENDON 


12.2.1 Macroscopic study of the 
effect of EPI® 


Various studies have demonstrated the effects of 
the galvanic current (which is the basic current 
used in EPI®) on the healthy tendon”’ and the 
molecular mechanisms involved in patellar tend- 
inopathies in rats and their recovery via EPI®.°**”” 

Recently, Minaya et al.*° analysed the imme- 
diate effect of EPI® and dry needling (DN) on 
rat tendon (fgure 12.2), in an experimental 
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FIGURE 12.2 = EPI® and dry needling on the body of 
the tendon and the tendon-periosteum area of the 
Achilles tendon of the rat. (Colour version of figure is 
available online). 
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FIGURE 12.3 =» Macroscopic image of the Achilles ten- 
don of the rat. A haemorrhagic response is observed. 
(Colour version of figure is available online). 


laboratory study with male Sprague-Dawley 
rats. EPI® was applied on one of the Achilles 
tendons of the rat and DN was applied on the 
contralateral side, in order to determine the 1so- 
lated mechanical effect of DN alone and in com- 
bination with an electrical current (EPI®). After 
the intervention, the animal was immediately 
sacrif ced by asphyxia with CO, and a macro- 
scopic study of the tendon was performed. Of 
the tendons studied, 100% presented a haemor- 
rhagic response and oedema of the tendinous 
and surrounding tissue, compared with the 
control (f gure 12.3) as a consequence of the 
mechanical procedures with the needle, whether 
or not combined with galvanic current (DN as 
opposed to EPI®), with a greater response 
observed in the EPI® group. 


12.2.2 The healthy tendon 


By def nition, the electrochemical non-thermal 
ablation that occurs with the application of 
EPI® will produce a local inflammatory response 
in the soft tissue, enabling the onset of the tissue 
repair process. 

In a recent study by Valera et al.,*’ the main 
aim was to assess the effect of EPI® on the 
healthy tendon, in relation to possible changes 
in its structure and immunohistochemical 
response and in order to corroborate the theo- 
retical local inflammatory response, as well as 
posterior tissue repair. 


12.2.2.1 EPI® produces an acute 
infammatory response in the first 
72 hours 


Initial repair of the tendon included an impor- 
tant inflammatory inf Itration (days | and 3) in 


the Achilles tendons treated with EPI® com- 
pared to the tendon stimulated with isolated DN 
(f gure 12.4). 


12.2.2.2 EPI® triggers an elevated 
proliferative response 


Figure 12.4 shows how, in the Achilles tendons 
of rats treated with EPI®, a signif cant increase 
in cellular proliferation is noticeable. T his is due 
to the inf Itration of f broblasts as well as altera- 
tion in the phenotypes of collagen tissue (espe- 
cially on day 8 poststimulation). Subsequently, 
the tendon begins a phase of synthesis, during 
which the deposit of extracellular matrix in 
tendons treated with EPI® is more mature than 
in those stimulated via isolated puncture (day 
14). This phase was accompanied by a remodel- 
ling and maturation phase during which the 
tensile force of the treated tendons recovered in 
a similar manner — both those tendons treated 
with EPI® as well as those treated with needling 
alone. 
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The EPI® technique causes an acute inflam- 
matory response and a proliferative repair 
response. 


12.2.3 The pathological tendon 


T he traditional model of ‘tendinitis’ understood 
as an inflammatory process is currently in disuse, 
since several publications have described the 
pathological process of the tendon mainly as a 
degenerative process (tendinosis), due to the 
absence of inflammatory cells and the presence 
of areas of collagen degeneration, myxoid degen- 
eration and increase in ground substance, com- 
bined with a failed process of tendon repair.>***° 
However, other experts believe that the degen- 
erative and inflammatory changes are not iso- 
lated to the histopathology of the tendon but, 
rather, these changes commonly coexist with 
changes in the neighbouring regions.” 
Considering the scientifc publications and 
the clinical experience to date, it is now known 
that EPI® produces positive effects in the treat- 
ment of tendinopathies.* *’ The application of 
EPI®, together with the performance of eccen- 
tric exercise, noticeably improves tendinopathy, 
both in tendon structure as well as in function. 
T hus, physiotherapy provided at this point could 
be the most effective type of therapy to resolve 
this situation. However, despite its positive 
results, few studies have assessed the molecular 
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FIGURE 12.4 = Micrographs illustrating the histological 
sections ofthe Achilles tendon of the Sprague—Dawley 
rat treated with haematoxylin and eosin. DN, dry nee- 
dling. (Colour version of figure is available online). 


mechanisms with regard to the application of the 
different physiotherapy techniques or the bio- 
logical therapies available for the treatment of 
tendinopathies, and no studies are available on 
the use of EPI® in humans. 


In a recent study by Sanchez-Ibdjfiez et al.,” 
the main objective was to corroborate the results 
obtained in humans performing research with 
female Sprague-Dawley rats to analyse the 
molecular mechanisms underlying the recovery 
of the tendinopathies and the use of EPI® tech- 
nology. The hypothesis of the mechanism of 
action of EPI® is based on the inflammatory 
effects and oxidative stress which accompany the 
tendinopathies and which may also be the recov- 
ery mechanism. A working hypothesis suggested 
that EPI® may have a repairing effect on the 
damage induced by collagenase in the patellar 
tendon of the rat. For this purpose, collagenase 
type I was injected into the patellar tendon of 
the rat and, 3 days later, it was treated with EPI® 
in order to analyse recovery of the tendinopathy. 
One week later, the animals were sacrif ced and 
the tendons were extracted for their subsequent 
use in electrophoretic techniques and_ for 
immunodetection. 

In order to achieve the general goal, different 
and specif c objectives were established: 

* to determine the effect of the collagenase 

on the patellar tendon of the rat 

¢ to determine the effect of the collagenase 

on cellular oxidative stress 

¢ to determine the effect of the collagenase 

at the level of proinflammatory and anti- 
inflammatory proteins 

¢ to determine the effect of EPI® on cellular 

oxidative stress after the application of 
collagenase 

* to determine the effect of EPI® and 

the level of proinflammatory and anti- 

inflammatory proteins after the application 

of collagenase. 
Seven days later (collagenase causes a tendinopa- 
thy that becomes chronic in the rat at the 7th 
day posttreatment), EPI® was administered to 
the predetermined group of rats. Two EPI® 
interventions were performed (f gure 12.5) with 
different doses at the level of the proximal inser- 
tion of the patellar tendon. 

It was also confrmed that EPI® increases 
cytochrome C in the patellar tendon of rats. 
Figure 12.6 shows how, in the patellar tendons 
of rats that were injected with collagenase type 
I for 3 days and treated with EPI® at 3-6 mA 
for 4 seconds, an increase in cytochrome C 
occurred, which was greater in the 6 mA group. 


12.2.3.1 EPI® increases the expression 
of Smac/DIABLO proteins in the 
patellar tendon of rats 


T he underlying mechanisms responsible for the 
effect of collagenase-EPI® have been researched 


278 PART VI PERCUTANEOUS NEEDLE ELECTROLYSIS (PNE) 





ee 


FIGURE 12.5 =» EPI® (3 mA or 6 mA) applied on the patellar tendon of the rat. (A) Identification of the area to be 





treated. (B) Application of EPI®. (Colour version of figure is available online). 
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FIGURE 12.6 = EPI® 3, EPI® 6 and collagenase increase 
the expression of cytochrome C in the patellar tendon 
of the rat. A representative immunoblot is shown 
above the histogram. The histogram represents the 
average + SD. *p < 0.05 compared to control cells; 
#p < 0.05 compared to collagenase cells. C, control; 
Col, collagenase. 


and it has been evaluated whether this technique 
could produce alterations in the induced apop- 
tosis process due to the activity of the Smac/ 
DIABLO protein. Figure 12.7 displays a signif - 
cant increase in expression of Smac/DIABLO 
after treatment with EPI, when compared to 
the control and to rats treated with collagenase. 
In the rats with collagenase an increase in pro- 
teins was observed compared with the tendons 
of the control rats, but this occurred at a lower 
level than in those treated with EPI®. T his indi- 
cates the existence of a relation between the 
alteration of homeostasis of the cholesterol and 
the activation of apoptosis via the Smac/ DIABLO 
process. 

On the other hand, the bibliography” sug- 
gests that the apoptosis associated with cyto- 
chrome C and Smac/DIABLO, and _ that 
associated with liberation of the mitochondria, 
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FIGURE 12.7 =» EPI® 3, EPI® 6 and collagenase increase 
the expression of the Smac/DIABLO protein in the rat 
patellar tendon. A representative immunoblot is dis- 
played above the histogram. The histogram quantifies 
the average +SD. *p <0.05 compared to control cells; 
#p <0.05 compared to collagenase cells. 


responds to different mechanisms. Smac/ 
DIABLO apoptosis is performed through induc- 
tion of caspase, which is exported from the mito- 
chondria to the cellular cytosol and is produced 
as a consequence of cytotoxic drugs and damage 
to the DNA, as well as from its union with 
the death receptor, CD95. For this reason, the 
induction of apoptosis during treatment with 
EPI® has to be made via the caspase route. 


12.2.3.2 EPI® increases the expression 
of VEGF proteins in rat tendons 


Figure 12.8 displays a signif cant increase in 
vascular endothelial growth factor (VEGF) in 
the patellar tendon treated with collagenase 
type I and with EPI®. It is not possible to estab- 
lish statistically signif cant differences between 
collagenase and EPI®. On the other hand, 
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FIGURE 12.8 = EPI® 3, EPI® 6 and collagenase increase 
the expression of vascular endothelial growth factor 
(VEGF) in the patellar tendon of the rat. A representa- 
tive immunoblot is displayed above the histogram. 
The histogram quantifies the average + SD. *p < 0.05 
compared to control cells. 
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FIGURE 12.9 =» EPI® 3 and collagenase increase the 
expression of vascular endothelial growth factor 
receptor-2 (VEGFR-2) expression in the patellar tendon 
of the rat. A representative inmunoblot is displayed 
above the histogram. The histogram quantifies the 
average + SD. *p < 0.05 compared to control cells; 
#p <0.05 compared to collagenase cells. 


an increase in expression of protein of VEGF 
type 2 receptor (VEGFR-2) has been demon- 
strated (fgure 12.9), thus demonstrating the 
existence of a process different to that of cellular 
apoptosis. 


12.2.3.3 EPI® increases the expression 
ofthe PPAR-gamma protein in the 
patellar tendons ofthe rat 


Figure 12.10 indicates a signif cant increase in 
the peroxisome proliferator-activated receptor-y 
(PPAR-y) protein in the patellar tendon treated 
with EPI® compared to the patellar tendons 
of rats treated with collagenase. As an anti- 
inflammatory protein, PPAR-y is induced after 
treatment with EPI®; this is something that 
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FIGURE 12.10 = EPI® 3, EPI® 6 and collagenase increase 
the expression ofthe peroxisome proliferator-activated 
receptor-y (PPAR-y)protein in the patellar tendon of the 
rat. A representative inmunoblot is displayed above 
the histogram. The histogram quantifies the average 
+ SD. *p < 0.05 compared to control cells; #p < 0.05 
compared to collagenase cells. C, control; Col, 
collagenase. 


does not occur after damage with collagenase. 
This demonstrates a recovery mechanism that 
occurs after treatment with EPI® in which acti- 
vation of PPAR-y takes place. 

T he activation of PPAR-y and the increase in 
expression of VEGF and VEGFR-2 demon- 
strate an increase in anti-inflammatory and 
angiogenic mechanisms.’'»* The inflammatory 
and oxidative stress mechanisms begin after the 
damage caused by the collagenase and produce 
an increase in cell death and the angiogenesis. 
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Considering the in vivo fndings related to the 
use of EPI®, one can establish that, after treat- 
ment with EPI®, an increase in the apoptotic 
Smac/DIABLO pathway takes place, together 
with an induction of VEGF via VEGFR-2. 


12.3 MOLECULAR MECHANISMS 
OF EPI® IN THE MUSCLE 


Injuries affecting the soft tissues are recurrent in 
sports, whether produced by traumatic events 
or due to tissue overload from exceeding the 
response capacity of the tissues involved in the 
movement. Within the multiple types of sports 
lesions, special importance is given to those 
affecting the musculoskeletal system, particu- 
larly muscle tissue. This is because approxi- 
mately 30% of injuries suffered by athletes 
involve the muscles.* When these injuries affect 
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FIGURE 12.11 


professional athletes, due to their numerous 
social and economic implications, it is important 
to provide a reliable and precise prognosis of the 
length of time the person will be unable to take 
part in sports. Return to competition too soon 
could cause arelapse and worsening of the lesion; 
however, therapy that is too conservative con- 
flicts with economic and sports interests. 

In chapter 14 other characteristics related to 
the physiopathology of muscular injury, the res- 
olution process and fbrosis are explained. 


The application of EPI® in the soft tissue in 
general, and in the muscle lesion in particular, is 
a treatment technique that can be performed 
concurrently with other techniques. Consider- 
ing the variability in anatomical localization of 
muscle lesions, and the variability in tissue 
dimensions between patients, the effectiveness 
and safety of the application are greater if the 
procedure is performed with ultrasound guid- 
ance in real time, as this allows the needle to be 
introduced directly into the lesional area. Cur- 
rently, due to its recent incorporation into the 


Anaesthesia and handling ofrats prior to EPI® in a lesion induced with notexin in the rectus femoris 
muscle. (Colour version of figure is available online). 


clinical practice of the physiotherapist, there is 
no research regarding the effects of the applica- 
tion of this treatment on muscle tissue.'” 

In a recent study by Sanchez-Ibafiez et al. 
performed with female Sprague-Dawley rats, 
the main objective was to analyse the molecular 
mechanisms underlying recovery of muscular 
injuries and the application of EPI®. For this 
purpose, notexin was injected (fgure 12.11) 
in the rectus femoris muscle and, 7 days later, 
treatment with EPI® ensued. Twenty-one days 
after the lesion and prior to sacrifce of the 
experimental animals, an ultrasound examina- 
tion was performed on all rats involving both 
extremities with the purpose of assessing both 
the evolution of the lesion and the treatment 
applied through image analysis. The muscle 
tissue of the treatment area was extracted in all 
rats, both lesioned and control, and the samples 
were analysed using an electrophoretic and 
immunodetection technique in order to identify 
the metabolic mediators of the inflammatory 
process and determine whether treatment with 
EPI® generates changes with regard to the 
induced lesion and the control group. In addi- 
tion, blood was extracted from the rats in each 
group in order to evaluate the presence of 
cytokines. A plasma control group was used to 
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avoid the systemic effect of the induced injury 
influencing the control levels. 


12.3.2 EPI® stimulates recovery of 
liberation of TNF-a to basal levels 


A signif cant difference was observed in the con- 
centration of tumour necrosis factor-a (T N F-a) 
between the group treated with notexin+ EPI® 
and the group treated only with notexin. On the 
other hand, the application of the EPI® to 
induced muscular lesions elicits recovery of the 
liberation of TN F-a to basal levels (f gure 12.12) 
and, therefore, to normal conditions. 

T his f nding is believed to be indicative of a 
possible regeneration process that is reinforced 
by EPI®. 

Figure 12.13 shows a signif cant decrease 
in the concentration of interleukin-16 in the 
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FIGURE 12.12 =» Levels of tumour necrosis factor-a 
(TNF-a) in pg/mL at 21 days post induced lesion. The 
application of notexin + EPI® does not reduce the 
levels of TNF-a. The histograms represent quantifica- 
tions of the concentration of TNF-a in plasma of n =6 
for each group (average, SD). *p < 0.05 compared to 
control cells; #p < 0.05 compared to notexin using a 
one-way analysis of variance test. 
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FIGURE 12.13 = Levels of interleukin-1$ (IL-1B) in pg/mL 
(enzyme-linked immunosorbent assay) at 21 days 
after the induced lesion in the different groups. The 
histogram quantifies the concentration of IL-1f in 
plasma for n =6 in each group (average, SD). *p < 0.05 
for the differences compared to the control and #p < 
0.05 compared to notexin using a one-way analysis of 
variance test. 


Notexin 


notexin + EPI® group when compared to 
the notexin group. The application of EPI® 
and notexin to the injured muscle produces a 
decrease in concentration of interleukin-16 in 
plasma compared to the notexin group. 


12.3.3 EPI® applied after muscle 
lesion increases the expression 
of VEGF 


The application of EPI® elicited a signif cant 
increase in the protein expression of VEGF 
compared to the control group. Application of 
EPI® to the induced muscular lesion in- 
creased expression of VEGF, with no signif - 
cant differences found between this group and 
the group of only notexin and/or only EPI® 
(f gure 12.14). 


12.3.4 EPI® increases expression 
of VEGF type | receptor after 
muscular lesion 


The application of EPI® induced a signif cant 
increase in the type | receptor of the VEGFR-1 
(fgure 12.15), indicating that EPI® could be 
influencing the elimination of the receptor and/ 
or its transcription. It is important to highlight 
that the application of EPI® with notexin 7 days 
after the lesion produced a highly signif cant 
increase in VEGFR-1 compared to the control 
group and that subsequently, an increase com- 
pared to the notexin group was observed. 
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FIGURE 12.14 = Expression of vascular endothelial 
growth factor (VEGF) in densitometric units relative to 
the muscle ofthe rat 21 days after inducing a muscular 
lesion. The histogram quantifies the concentration 
of the expression of VEGF. *p < 0.05 for differences 
compared to control using a one-way analysis of vari- 
ance test. 
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Control Notexin EPI Not + EPI 


FIGURE 12.15 = Expression of vascular endothelial 
growth factor receptor-1 (VEGFR-1) in densitometric 
units relative to the muscle of the rat 21 days after 
the induced muscle lesion. The application of EPI® 
increases the expression of VEGFR-1 in the muscle. 
The histogram represents the quantification of the 
concentration of the protein expression of VEGF in the 
muscular tissue of the different groups (average, SD) 
*p <0.05 for the differences compared to control using 
a one-way analysis of variance test. 


KEY POINTS 


T he application of EPI® in the muscle of the rat 
previously injured with notexin caused a reduc- 
tion in the amount of fbrosis and calcif cation 
nuclei and extension of the induced lesion, as 
well as a signif cant increase in plasma TNF-a, 
VEGF and VEGFR-1. There was also a decrease 
in the levels of IL-1B in plasma and a reduction 
of the effects of the inflammatory process on the 
muscle tissue with the induced lesion, which 
positively influenced neovascularization of the 
injured site. 
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13.1 INTRODUCTION 


13.1.1 The present model 
of tendinopathy 


13.1.1.1 Histopathological fndings 


The traditional model of tendinitis, understood 
as an inflammatory process, is currently in disuse, 
following several research publications that have 
described the pathological process of the tendon 
mainly as being degenerative due to the absence 
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of inflammatory cells and the presence of areas 
of collagen and myxoid degeneration, as well as 
the increase in ground substance. These proc- 
esses are associated with a failure in the healing 
process of the tendon.'° Therefore, the concept 
of tendinitis is being replaced by the term tend- 
inopathy or tendinosis, in reference to this 
degenerative process. These research findings 
have challenged the more traditional therapeutic 
approaches, historically based on the theory of 
inflammation, towards incorporating the treat- 
ment of degeneration processes.° 

Macroscopically, it has been observed that 
tendinopathies are characterized by the presence 
of a tendon of a soft consistency with disorgan- 
ized and brownish-yellow coloured collagen 
fibres.” ’ Some authors propose the existence of 
a transition process from the normal tendon 
towards a tendinosis' via a prior stage of inflam- 
matory tendinitis. However, there are studies 
that prove that there is no presence of inflam- 
matory cells in an overuse tendinopathy. This 
suggests that if there really is a transitory tend- 
initis stage, it is very short.’* 


KEY POINTS 


Different studies confirm that the concept of 
tendinitis refers to a non-inflammatory condi- 
tion and, therefore, the use of the term with the 
suffix ‘itis’ is incorrect. 


However, the degenerative changes are not 
isolated and frequently coexist with signs of 
inflammation. In a study performed on patients 
with symptoms of patellar tendinosis who were 
undergoing knee surgery (and were examined 
via fluid cytometry and immunohistochemical 
techniques), the presence of inflammatory medi- 
ators such as prostaglandins, interleukins and 
cyclooxygenase-2 (CO X-2) was observed.’ T hese 
findings could play a key role in helping to 
understand the development of tendinopathy, as 
well as the mediation of pain and the ultimate 
recovery of the tendon." 

There are few prospective, randomized con- 
trolled trials that have analysed all aspects of 
tendinopathies, and, in particular, few studies 
that have researched the initial stages of the 
tendinopathy and its repair process.’ Some 
authors describe four histological findings that 
are characteristic of tendinopathy. These are 
globally known as angiofibroblastic hyperplasia 
and are: (1) functional changes in the tenocytes 
(tendon cells); (2) degradation of the collagen; 
(3) hypervascularization (also known as vascular 
hyperplasia); and (4) proliferation of the ground 
substance.”! 


All these disorders are essential components 
of the tendon lesion and, considering that the 
cellular integrity 1s necessary for maintenance of 
the connective tissue, it is also possible that the 
changes in the cellular metabolism (synthesis 
and degradation of the extracellular matrix) may 
influence the structural properties of the tendon. 
Histopathological studies have demonstrated 
that in these tendon disorders there is an altera- 
tion of the extracellular matrix, combined with 
an increase in type III collagen, compared with 
type I collagen (the latter is more dense and 
resistant) mainly in calcifying tendinopathy. 
Type III collagen is deficient in the number of 
cross-links,'” presenting a decreased consistency 
of its fibrils and a decreased density of branch- 
ing, as well as a less regular undulation, associ- 
ated with ruptures of the intramolecular and 
intermolecular bridges.”'*'* The degraded and 
degenerated collagen fibres are sometimes 
replaced by calcifications or by the accumulation 
of lipid cells (tendolipomatosis).'° 

The increase in proliferation of the ground 
substance is the main cause of the mucoid or 
myxoid, cystic and hyaline appearance of the 
tendinopathy.'® The aggrecan is overexpressed, 
altering the balance with the decorin; aggrecan 
forms chondroitin sulphate, which constitutes 
the ground substance of the cartilaginous tissue."” 
Less frequently, the presence of calcifications 
and metaplasia of the fibrocartilage and bone 
are observed.’ The mechanisms for degenera- 
tion are represented by an increase in the expres- 
sion of matrix metalloproteinases (MMP-3). 
This favours degradation of the extracellular 
matrix and the overproduction of inflammatory 
cytokines such as endothelial growth factor, and 
the growth factor derived from platelets, leuko- 
trienes and prostaglandins E,.'* The synthesis 
and degradation of the matrix are important for 
the maintenance and repair of the tendon. 

The tenocytes are active throughout the 
lifespan, and express a great variety of proteins 
and enzymes. One of these proteins is collagen 
type I, which is highly resistant to enzymatic 
degradation and has a prolonged lifespan. With 
repeated overload, collagen experiences greater 
glycation with the accumulation of pentosidine. 
The degradation of the collagen is extracellular 
and mediated by proteases. The collagenases, 
members of the MMP family, are able to keep 
the collagen type I molecule intact. This action 
occurs in a specific site of the molecule and is 
the limiting factor in replacement of collagen, 
generating fragments that are susceptible to the 
action of other proteinases, such as gelatinases.’ 
In studies of supraspinatus tendons undergoing 
degenerative processes, a discrete reduction of 
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the total content of collagen was observed and a 
greater proportion of collagen type III was found 
in relation to collagen type I. The cross-bridges 
of hydroxyproline and lysyl-pyridinoline were 
significantly increased.'’ Similar findings were 
obtained in chronic tendinopathies in animals 
and after acute lesions were induced via surgical 
trauma or collagenase injection. Other studies 
revealed the increase of various proteoglycans in 
tendons undergoing degeneration, a phenome- 
non which is still not completely understood. 
The glycoproteins, such as tenascin-C, have 
been found to increase in the ruptured suprasp- 
inatus tendon, with differences in expressed iso- 
forms. An accumulation of necrotic tissue and 
fibrin has also been observed. These changes in 
the matrix are compatible with a scarring process 
present in the tendon undergoing degeneration, 
although with incomplete remodelling. 

In 2007, Scott et al.*’ carried out a histologi- 
cal study with pathological patellar tendons 
compared with normal tendons. A significant 
increase in proteoglycans and versican was found 
in the extracellular matrix of the pathological 
tendons. Versican plays a major role in the struc- 
tural transformation of the molecules. The pres- 
ence of versican is a highlighted characteristic 
of normal and pathological fibrocartilaginous 
tissues, although its production is regulated by 
an excess of mechanical loading. In this study it 
was hypothesized that the increase in content of 
versican may, in fact, weaken the tendon, decreas- 
ing its resistance module, especially in the tissue 
regions that are more vulnerable to tensile load. 
Furthermore, an increase in versican deposit can 
promote the formation of neovascularization, 
although it is still unclear whether these molec- 
ular changes represent a positive or pathological 
adaptation.” 

These findings represent small pieces of a 
great histopathological puzzle and pose a possi- 
ble key to future treatment approaches. 


KEY POINTS 


Histologically, tendinopathies are characterized 
by so-called angiofibroblastic hyperplasia, in 
which the tissues display a series of fundamental 
changes in the tenocytes, a degrading of collagen 
(discrete reduction in the total quantity of col- 
lagen and a greater proportion of collagen type 
III in comparison to type I), hypervascularization 
and, finally, proliferation of ground substance. 


13.1.1.2 Pathogenesis 


There are several theories regarding the aetio- 
pathogenesis of tendinous lesions. Some refer to 


the forces supported by the tendon, and others 
to the processes of tendon repair. With regard 
to the forces supported by the tendon, these are 
signalled as factors that influence the force that 
the tendon supports, the cyclic charge secondary 
to repetitive submaximal forces, the overload of 
the tendon due to muscular weakness and the 
viscoelastic deterioration which will affect the 
tendon’ shock-absorbing capacity.'° Direct 
compression is understood to be another causal 
mechanism, mainly affecting the patellar and 
supraspinatus tendons, which are vulnerable to 
the forces of entrapment. Regarding the theories 
concerning the factors that influence the repair 
process of the tendon, currently the most 
accepted are the iceberg theory’’ and the theory 
of failed healing, in which an insufficient recov- 
ery time is cited, together with an accumulation 
of microlesions.”! 


13,1.1,3 Iceberg theory 


The pathogenesis of the tendinopathy is a con- 
tinuum from the physiology of the tendon to the 
clinical patient presentation. This sequence of 
events can be compared with an iceberg (figure 
13.1). The base of the iceberg represents what 
occurs under physiological conditions. Once 
damage to the tissue appears, two phases begin: 
the asymptomatic and the symptomatic phases, 
in which pain is usually the alarm symptom. 
Indeed it is infrequent, except for in the case of 
highly demanding athletes who undergo routine 
screenings, for changes in tendon structure to be 
identified via musculoskeletal ultrasound prior 
to the appearance of pain. It 1s important to 
highlight, however, that the actual moment that 
these events appear can vary considerably due to 
various individual factors. 


13.1.1.4 Failed healing theory 


The understanding of the pathogenesis of tend- 
inopathy is based on fragmentary evidence, sim- 
ilar to the pieces of a puzzle. The failed healing 
theory (figure 13.2) is proposed in order to join 
these pieces together in an attempt to under- 
stand the pathogenesis. 

This theory is based on the pathological 
changes within the tendon, with the main feature 
being the collagenolytic lesions associated with 
active healing processes, together with focal 
hypervascularization and metaplasia of the tissue. 
This theory considers that overload lesions and 
lesions caused by repetitive microtrauma could 
be the main agents of the pathological process 
(table 13.1). The typical clinical, biochemical 
and histopathological presentation refers to a 
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Neoangiogenesis 
Nerve proliferation 


Relative overload 


Healthy exercise 





Physiological adaptations 


FIGURE 13.1 = The iceberg theory. (Reproduced from Abate M, Gravare-Silbernagel K, Siljleholm C et al. Pathogenesis 
of tendinopathies: inflammation or degeneration? Arthritis Res Ther 2009; 11(3):1-15, with permission). 
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FIGURE 13.2 = The failed healing theory. (Reproduced from Fu SC, Rolf C, Cheuk YC et al. Deciphering the pathogenesis 
of tendinopathy: a three-stages process. Sports Med Arthrosc Rehabil Ther Technol 2010; 2:30, with permission). 


condition of chronic localized pain that can lead 
to rupture of the tendon attributed to mechani- 
cal weakness.” 

The epidemiological observations indicate 
that the initial determining cause of tendinopa- 
thy is an excessive use of the tendon. Indeed, 
tendinopathies represent conditions that mainly 
affect athletes who practise a repetitive activity, 
such as jumping (volleyball, basketball), kicking 


(football), quick starts and stops (tennis, squash) 
or running (short or long distances), as reflected 
by up to 40% of basketball and volleyball players 
affected by this condition.”' It is believed that the 
mechanical stimulus that the tendon is subjected 
to is one of the most important factors in the 
development of tendinopathy — a theory that is 
justified by the fact that the tendons which are 
exposed to higher mechanical demands are those 
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TABLE 13.1 Implication of failed healing in different tendinopathy manifestations 





Lesion Healing response Failed Histo pathological Clinical Different 
healing changes presence manifestations 
Overuse Inflam mation — Presence oF Increased Tendinitis 
proinflammatory nociception Paratendinitis 
cytokines Mechanical Overuse lesions 
weakness Spontaneous 
rupture 
Pain related to 
the activity 
Calcifying 
tendinopathy 
Prior trauma Neovascularization = Hypervascularization 
Xenobiotics Innervation — Increase in 
neuropeptides and 
hyperinnervation 
Pathogen Cellular recruitment/ — Hypercellularity, 
agents apoptosis increase in 
apoptosis 
Synthesis of the 
extracellular matrix Wine erdieanda lipid 
per ecm = degeneration 
differentiation/ 
apoptosis 
Extracellular matrix — Collagenolysis, 
remodelling tendon adhesions 


that are more frequently injured (for example, the 
patellar tendon or the Achilles tendon). H owever, 
it has subsequently been observed that Achilles 
tendinopathy can also appear in sedentary sub- 
jects. Thus, this overuse theory alone cannot 
explain the pathogenesis of tendinopathy.” 
When the tendon is overloaded and subject 
to repetitive stress, the collagen fibres begin to 
slide one over another, breaking their cross-links 
and provoking denaturalization of the tissue. 
T hese cyclic and accumulative microtraumas not 
only weaken the collagen cross-links, but also 
affect the extracellular matrix, as well as the vas- 
cular elements of the tendon. It is well known 
that well-structured physical exercise practised 
in the long term and within a physiological range 
does not damage the tendon, but rather strength- 
ens it via stimulating the production of new col- 
lagen fibres. Studies on collagen renovation and 
the components of the extracellular matrix, via 
molecular microdialysis techniques performed 
on human subjects, have demonstrated that, 
after different types of exercise, synthesis and 
degradation of collagen increases, although syn- 
thesis prevails over degradation.”*** On the other 
hand, biochemical adaptation to exercise is char- 
acterized by the liberation of substances or 
molecular mediators of inflammation and growth 
factors. This takes place both in the general cir- 
culation as well asthe local circulation oftendons, 
like interleukin-18, which, at the same time, 
increases the expression of COX-2 and MMP. 


These enzymes are important, both for regula- 
tion of cellular activity as well as for degradation 
of the extracellular matrix, and have functions in 
the growth and development of the collagen 
fibre.” However, when the tendon is subjected 
to extenuating and cyclical exercise, extremely 
high temperatures are reached in its interior. 
The lack of control over hyperthermia induced 
by extenuating exercise can cause the death of 
tendon cells.*° ** 


KEY POINTS 


Factors that can, supposedly, cause tendinopathy 
include: 
¢ forces supported by the tendon: submaxi- 
mal repetitive forces, muscular weakness, 
viscoelastic deterioration, direct compres- 
sion and high temperatures caused by 
extenuating exercise 
* repair processes: repair time and the accu- 
mulation of microlesions. 


13.1.2 Chronic pain in tendinopathy 


Although various studies have tried to explain 
the causes of pain in tendinopathy, the mecha- 
nisms that underlie chronic tendinous pain are 
not completely clear. The traditional theories 
on tendinitis, which assumed an inflammatory 
process as the cause of pain, have been disre- 
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FIGURE 13.3 = Biological response from the fibroblasts in conditions of repetitive mechanical loading. MMPs, 
matrix metalloproteinases; PGs, prostaglandins; LTs, leukotrienes; ECM, extracellular matrix; IL-1, interleukin-1; 
IL-6, interleukin-6. (Reproduced from Wang JH, losifidis MI, Fu FH. Biomechanical basis for tendinopathy. Clin Orthop 


Relat Res 2006; 443: 320-332, with permission). 


garded. In short, there are many theories regard- 
ing the cause of pain in tendinopathy as well as 
increasing data pointing towards a more neuro- 
chemical rather than structural cause.’ 


13.1.2.1 Biomechanical model 


T here have been attempts to explain tendon pain 
via a biomechanical model, which attributes 
pain to different conditions. These are tissue 
compression (figure 13.3) and lesion of the col- 
lagen fibres. 

The authors who defend the theory of com- 
pression or entrapment attribute the presence of 
pain in tendinopathy to entrapment and com- 
pression of the tendon between the adjacent 
structures.” 

T he authors who support the theory that pain 
arises as a consequence of lesions in the collagen 
fibres are basing this on the fact that these could 
be the origin of the pain when they break, due 
to the fact that pain is not present when they are 
intact. H owever, if collagen disorganization were 
the origin of the pain, it should be present in all 
types of tendinopathy. In this sense, the removal 


of large fragments of collagen rarely causes pain 
in the tendon, for example, when extracting 
tendinous tissue from the patellar tendon for a 
bone-tendon—bone ligamentoplasty. In the same 
way, there is no correlation between the changes 
observed with imaging techniques after tendon 
surgery, and symptoms.” Imaging studies have 
demonstrated that there is also no correlation 
between the amount of disorganized collagen 
fibres and pain, as ultrasound lesions with 
ample collagen tissue disorganization have been 
detected that are asymptomatic and tendons 
which on ultrasound appear to be normal may in 
fact be painful.” 


KEY POINTS 


There is no clear correlation between the col- 
lagenous alterations and the presence of pain in 
tendinopathy. 


Furthermore, recent studies on the patellar 
tendon and the Achilles tendon’ have identi- 
fied low levels of load in deep regions of the 
tendon associated with changes compatible with 
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tendinopathy. This suggests that those areas 
exposed to low load can predispose specific 
regions of the tendon to developing a structural 
weakness, thus making them more susceptible 
to overload. On the other hand, different 
authors’ have maintained that insertion tendi- 
nopathy can be a result of lesions that are not 
only produced by a mechanism of increased 
tension, but rather compression and shear forces 
can also be implicated (as occurs, for example, 
during wrist extension movements with the 
elbow in pronation). 


13.1.2.2 Biochemical model 


The biochemical model is presented as an alter- 
native with regard to the previous model. This 
model proposes that the cause of pain in tendi- 
nosis 1s a consequence of a chemical irritation 
due to general hypoxia and lack of phagocyte 
cells to eliminate anabolites. Furthermore, the 
damaged tenocytes and blood vessels liberate 
toxic chemical substances that have an impact on 
the intact neighbouring cells. 

The chondroitin sulphate that is liberated 
when the tendon is injured can stimulate the 
nociceptors of the peritenon. It is possible that 
the nociceptors of other structures may also be 
stimulated; for example, in patellar tendinopa- 
thy, those found in the lateral and medial patel- 
lar wings, the infrapatellar fat pad, the synovial 
fat pad and the periosteum. 

Recent studies have detected an increase in 
the concentration of glutamate and lactate neu- 
rotransmitters in patients with patellar tendin- 
opathy.’*’ Glutamate produces a well-known 
process known as excitotoxicity; this overstimu- 
lates the tenocytes and allows for the entrance of 
large amounts of calcium ions (Ca’’), causing 
destructive processes. Alfredson et al.’ found 
statistically significant differences in glutamate 
using molecular microdialysis in a group with 
Achilles tendinopathy when compared to a 
control group, whereas there was no difference 
in the concentration of type E, prostaglandins, 
which suggests the absence of inflammation. 
In another study, the same group, via the tech- 
nique of microdialysis and immunohistochem1- 
cal analysis of the tendon tissue in patients with 
patellar tendinopathy, found a high concentra- 
tion of glutamate and N-methyl-D-aspartate- 1 
(NMDA-R1) receptors, without inflammatory 
substances (prostaglandin E,). In the biopsies, 
inflammatory cells were not found, although 
there was an immunoreaction by the glutamate 
receptor (NMDA-R1) associated with the pro- 
liferation of nervous structures in the tendons.’ 
For this reason, the presence of glutamate and 


its receptor NMDA-RI1 in tendinopathy is inter- 
preted as an amplifier of the pain signal. 

Other studies on animals have shown an 
increase in messenger ribonucleic acid (mRN A) 
of the glutamate in supraspinatus muscle tendi- 
nopathy.* However, some studies challenge 
these observations as they have noted that, in 
previously painful tendons (after treatment and 
becoming painfree), they then fail to show sig- 
nificantly different glutamate concentrations 
compared to when they were painful.” 


KEY POINTS 


Different substances have been found that 
provide an explanation for the presence of pain 
in tendinosis. These are chondroitin sulphate, 
lactate and, especially, glutamate. 


Neural damage and hyperinnervation have 
been poorly studied despite possibly represent- 
ing one of the physiopathological mechanisms 
of pain in tendinopathy. In several studies, a 
correlation between tendinopathy and hyper- 
innervation was found. In these it is claimed 
that the production of neural growth factor and 
the corresponding hyperinnervation could be 
induced by repetitive ischaemic crisis. This 
erowth of nerve fibres, which would justify the 
chronic pain, could form part of a process of 
anomalous tissue repair preceded by repetitive 
microtraumas.”° 

T here are few studies that describe the inner- 
vation of the different tendons, and fewer still 
that describe the innervation of their corre- 
sponding blood vessels. In a study from 2006, 
a marked overexpression of substance P (SP) 
and of calcitonin gene-related peptide (CGRP) 
was found in the innervation of the capillaries at 
the level of the osteotendinous junction, com- 
pared to the rest of the patellar tendon structure. 
The presence of para-arterial innervation in the 
lax connective tissue of the paratenon suggests 
that there is a marked neurovascular relation at 
this level.’ The presence of this perivascular 
innervation is of great relevance in the ultra- 
sound assessment via Doppler, as it enables one 
to distinguish between hypovascular tendinosis 
and neovascular tendinosis, as well as allowing 
for the performance of ablation treatments of 
these neurochemical alterations via different 
techniques. 

T he presence of pain in symptomatic hypovas- 
cular tendinosis may be due to an energetic crisis 
affecting the mechanisms regulating the tendon 
metabolism (an increase of lactate, hypoxia 
inducible factor-1 [HIF-1]), produced by local 
ischaemia with an increase in free radicals and 
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FIGURE 13.4 = Drawing ofthe Achilles tendon displaying the possible pathways for substance P (SP) in the tendon 
structure, as well as a summary of the possible influences and interactions of the paratendinous innervations. 
AR: adrenergic receptor; NK-IR: neurokinin receptor |. (Reproduced from Andersson G. Influences of paratendinous 
innervations and non-neuronal substance P in tendinopathy — studies on human tendon tissue and an experimental model 
of Achilles tendinopathy (PhD thesis). Chapter 20, figure 8, with permission). (Colour version of figure is available online). 








excitatory nociceptive neurotransmitters. T hese 
mechanisms sensitize the nervous branches that 
are able to maintain a secondary hyperalgesia.” 

Patients suffering from symptomatic hyper- 
vascular tendinosis are characterized for pre- 
senting mechanical allodynia. In other words, a 
banal mechanical stimulus is capable of produc- 
ing pain. This phenomenon can be explained 
by neurogenic inflammation that occurs at the 
level of the neocapillarization with an oedema- 
tous presentation of the capillaries and an 
increase in neurotransmitters and nociceptive 
neuropeptides, such as glutamate, SP, catecho- 
lamines and acetylcholine (figure 13.4).°”*° T his 
sensitization could be explained as being due to 
the permanent accumulation of glutamate in the 
synaptic region, which produces an increase in 
the NMDA-R receptors of the postsynaptic 
membrane.’ 

The cellular mechanisms of chronic pain in 
tendinopathy are little known. It has been sug- 
gested that the close relation of the mast cells 
with the vessels in the connective tissue could 
influence the development of the hypervascu- 
larization and oedema present in tendinopathy. 
One study examined the distribution of masto- 
cytes in patients with patellar tendinopathy and 
discovered an overexpression of these cells.*! 
These mastocytes proliferate in the lesion area, 
liberating an important range of growth factors 
and profibrotic cytokines, such as transforming 
growth factor-beta, interleukin | and interleukin 
4. In the same way, the tryptases liberated by the 
mastocytes can act directly upon the tenoblasts, 
triggering the activation of receptors activated 


by protease and inducing the fibrotic prolifera- 
tion dependent upon the COX-2 enzyme. Tryp- 
tases are powerful angiogenic agents that may 
explain the neovascularization present in some 
tendinopathies.* T he mastocytes are also capable 
of producing powerful neurotrophins, such as 
neural growth factor, possibly implicated in neu- 
rovascular angiogenesis and hyperinnervation 
and that, according to recent findings, character- 
ize tendinosis and could justify the chronic pain 
being suffered.°° The mastocytes can play a sig- 
nificant role in the symptomatology of tendin- 
opathy, as they could be associated with the 
abnormality of autonomic vascularization and 
sensory innervation that is potentially implicated 
in the chronic pain of tendinopathy.” T herefore, 
it seems plausible that the mast cells play an 
important proangiogenic and neurotrophic role 
in chronic tendinopathy, as there are many pos- 
sibilities of paracrine interaction between mast 
cells, nerves, endothelial cells and tenocytes. 


KEY POINTS 


Knowledge of the molecular and biological 
mechanisms of pain in tendinopathy is funda- 
mental from a clinical point of view, as any 
treatment must be aimed at alleviating pain. 
T here are several theories that attempt to explain 
the cause of pain in tendinosis. The available 
evidence points to biochemical processes (neu- 
rovascular hyperinnervation) rather than biome- 
chanical processes (lesion of the collagen fibres, 
tissue compression). 
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FIGURE 13.5 = Ultrasound power Doppler image. 


13.1.3 Clinical classification 
of tendinopathy 


After the onset of tendon symptoms (whether 
associated with an internal or external traumatic 
agent), it has been observed that a high percent- 
age of subjects continue with symptoms that 
become chronic. This is explained by the failure 
ofan initial repair or healing process, after which 
the tendon begins a progressive degeneration 
cycle which is defined as tendinosis.'°° The 
acute tendon lesion and, therefore, the painful 
symptoms must not continue beyond the 3 first 
weeks postlesion, which is the duration of the 
total inflammatory response. 

From a clinical point of view, according 
to physiopathological criteria and ultrasound 
image findings, the tendinosis can be classified 
as hypovascular or hypervascular, as well as 
symptomatic or asymptomatic (figure 13.5). 


13.1.3.1 Hypovascular symptomatic 
tendinosis 


Hypovascular symptomatic tendinosis is charac- 
terized by the presence of pain that may be due 
to an energetic crisis in the mechanism of tendon 
metabolism regulation (increase oflactate, HIF- 1), 
when produced by local ischaemia with increases 
in free radicals and excitatory nociceptive neuro- 
transmitters that sensitize the nerve branches able 
to maintain secondary hyperalgesia.” 


13.1.3.2 Hypovascular 
asymptomatic tendinosis 


Hypovascular asymptomatic tendinosis is char- 
acterized by the absence of symptoms. In the case 
of the Achilles tendinopathy, it is associated with 
non-traumatic or minimally traumatic rupture. 


(A) Hypervascularization. (B) Hypovascularization. 


13.1.3.3 Hypervascular tendinosis 
or symptomatic neovascular 
tendinosis 


Hypervascular tendinosis or symptomatic neo- 
vascular tendinosis is characterized by the pres- 
ence of pain with mechanical allodynia. In other 
words, the mechanical innocuous stimulus is 
capable of producing pain. This phenomenon 
can be explained by a neurogenic inflammation 
at the level of the neocapillarization with an 
oedematous presentation of capillaries and an 
increase in nociceptive neurotransmitters and 
neuropeptides, such as glutamate and SP.*’ The 
sensitization can be explained by the permanent 
accumulation of glutamate in the synaptic region, 
which produces an increase of NMDA-R recep- 
tors in the nervous synapse.** 


13.1.3.4 Hypervascular tendinosis or 
asymptomatic neovascular tendinosis 


This occurs in subjects that do not present pain 
in a situation of hypervascularization, despite the 
presence of a greater degradation of the tendon. 
At present, the scientific evidence cannot explain 
these anatomopathological differences. '” 


13.2 BASIC PRINCIPLES OF 
INTRATISSUE PERCUTANEOUS 
ELECTROLYSIS (EPI®) IN 
TENDON INJ URIES 


13.2.1 The effects of continuous 
current on the soft tissues 
Since the mid-1960s there has been an increase 


in research directed at assessing the effects of 
exogenous electrical currents for the healing 
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of chronic soft-tissue lesions that, unlike acute 
lesions, do not heal spontaneously within a pred- 
icable time frame and that frequently fail to 
respond to conventional treatments. 

Studies in human and animal models have 
demonstrated that continuous currents (CC) 
favour the healing of injuries, particularly when 
these are applied together with conventional 
care. The mechanisms by which the CC favours 
the healing of tissues include an increase in syn- 
thesis of proteins, improvement in oxygenation 
of the tissues, attraction of the appropriate cell 
types for the area, activation of these cells due 
to the alteration of membrane function, the 
modification of endogenous electric potential 
of the tissue according to healing potential, 
the reduction of oedema, the enhancement of 
microbial activity and the promotion of blood 
circulation.” 


13.2.2 Ionic effects 


Most electric currents that are used with thera- 
peutic purposes present balanced biphasic-type 
waves that do not leave an electric charge in the 
tissue and, therefore, do not have ionic effects. 
In contrast, the CC, the monophasic pulsed cur- 
rents and the unbalanced biphasic waveforms 
leave a net charge in the tissue. T his charge can 
produce ionic effects: the negative electrode 
(cathode) attracts the positively charged ions and 
repels the negatively charged ions, whereas the 
positive electrode (anode) attracts the negatively 
charged ions and repels the positively charged 
ions. These ionic effects can be taken advantage 
of from a therapeutic point of view. For example, 
the CC can be used to repel ionized pharmaco- 
logical molecules and, therefore, can provide a 
strength that increases the penetration of 
transdermal drugs. Similarly, the ionic effects of 
the electricity can be used to treat inflammatory 
states, to facilitate tissue healing and reduce the 
formation of oedema.” 


13.2.3 Galvanotaxis/electrotaxis 


Galvanotaxis or electrotaxis is the directional 
migration of the cells within an electrical field. 
Studies have demonstrated that some types of 
cells migrate actively towards a specific pole (the 
anode or the cathode).*® Indeed, many cells 
implicated in tissue healing migrate towards the 
anode or the cathode when exposed to an electri- 
cal field of CC.” 

Cells such as neutrophils, macrophages, 
fibroblasts, endothelial cells and nervous cells 
respond to the electrical field. Indeed, several in 


vitro studies have demonstrated improvement in 
the mobility of different cells towards either 
pole.** The activated neutrophils that are present 
in an acute soft-tissue lesion are attracted to the 
cathode pole, whereas the inactive ones move 
towards the positive pole. T he tenoblasts, fibrob- 
lasts, lymphocytes, mast cells and platelets are 
attracted towards the negative pole. Generally, it 
is recommended that, to attract more appropri- 
ate cell types, a negative electrode should be 
used, while a positive electrode should only be 
used when the lesion is in the proliferative 
stage.” 

Stimulation with CC will not only attract 
cells from the injured area, but will also 
strengthen replication of the fibroblasts and 
increase DNA synthesis and collagen on behalf 
of the fibroblasts.*”°' The fibroblasts and colla- 
gen that are produced are essential for the pro- 
liferation phase of healing in the injured soft 
tissue. The proposed mechanism for improve- 
ment of cellular function is based on the pulse 
of the electrical field causing the calcium chan- 
nels in the membrane of the fibroblast to open. 
The opening of the calctum channels allows the 
calcium to flow towards the interior of the cells, 
increasing the cellular concentration of calcium, 
which induces exposure of additional insulin 
receptors on the cellular surface. Insulin can join 
on to the exposed receptors, stimulating the 
synthesis of DNA and collagen within the 
fibroblasts.”' 

If the histopathological findings related to the 
tendinosis (understood as a degenerative process) 
are considered, the therapeutic intervention 
must differ from the treatment of an inflamma- 
tory process. In this circumstance, treatment 
should favour the inflammatory response neces- 
sary for healing mechanisms and/or repair of the 
soft tissue to be reactivated.° 

The EPI® technique, when applied to the 
focal tendinopathy lesion, triggers an electro- 
chemical reaction, which leads to destruction of 
fibrotic and necrosed tissue. Likewise, the 
passage of the CC in the needle/target tissue 
interphase provides liquefaction of the myxoid 
substance, facilitating migration of the inflam- 
matory cells (neutrophils and macrophages) 
towards the intervening area.’ T he macrophages 
play an essential part in tissue healing, as they 
not only phagocytose but also promote migra- 
tion of the fibroblasts, thus liberating growth 
factors and facilitating synthesis of collagen. The 
cathodic action of the CC will facilitate the 
attraction of the tenoblasts towards the area, 
stimulating their proliferation and the synthesis 
of new collagen.”! 
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13.3, DESCRIPTION OF THE EPI®) 
TECHNIQUE IN TENDON INJURIES 


13.3.1 Procedure 


The procedure for the application of the EPI® 
technique on the tendon comprises various ele- 
ments. 


13.3.1.1 Ultrasound-guided application 


The use of ultrasound in physiotherapy 1s still 
in its beginnings, although related applications 
that go far beyond those traditionally used in 
radiology (see chapters 4, 6 and 7) have been 
developed. The possibility of monitoring the 
patient’ response to treatment together with a 
thorough assessment of function and of the 
dynamic interaction among the anatomical 
structures are very important aspects which are 
highly valued by physiotherapists.” 

The use of ultrasound guidance combined 
with the EPI® technique in the treatment of 
tendinopathy is essential in order to avoid pro- 
ducing an iatrogenic effect, such as a lesion of 
the nerves or the vessels.** Furthermore, it guar- 
antees the application of the technique upon the 
target tissue, thereby improving the effectiveness 
of the intervention. 

In addition, it is important to consider that 
the application of the EPI® technique generates 
a hyperechogenic well-defined image as a conse- 
quence of the density of hydrogen gas produced 
by the electrochemical reaction from the cathode 
flow.’ T his enables a clearer needle visualization 
(see chapter 7) and improved ability to deter- 
mine the area of electroporation, thus better 
quantifying the effect of the EPI® technique. 


13.3.1.2 Target tissue 


The areas that are most frequently affected in 
tendinopathy are the tendon—periosteum junc- 
tion, the deep fascicle’®’’ of the tendon and the 
adjacent structures, such as H offa’s fat pad or the 
bursa. 

Ultrasound analysis of the tendon enables 
identification of the affected tissue associated 
with focal hypoechoic areas, cortical irregulari- 
ties, a loss of continuity of the tendinous tissue 
or areas of hypervascularization.** Despite the 
ample area of degeneration frequently associated 
with the tendon matrix in this type of clinical 
presentation (with a loss of echotexture), the 
clinically relevant area is usually 2-3 mm next to 
the tendon—periosteum junction, and is one of 
the targets of the EPI® technique. Together with 


this, the areas of degeneration of the deep tendon 
fascicle and the relevant neovascularization sites 
constitute the most frequent target tissue. In this 
sense, the EPI® technique has been demon- 
strated to be effective for absence of hypervas- 
cularization areas in the short term.” 

Once the different intervention areas are 
determined, it is necessary to verify the destruc- 
tion of the tissue. N ote that this takes place when 
the needle does not come across viscoelastic 
resistance in the intratendinous region where the 
electrolytic ablation was performed. 


13.3.1.3 Dosage 


T he EPI® technique frequently employs intensi- 
ties of 3-4 mA for tendinous processes and more 
than 4 mA where there is dense fibrotic tissue, 
plus time intervals of 3—4 seconds which are 
applied along different points of the affected 
tendon area. In any case, it is necessary to 
establish the dosage for each subject, which is 
determined by the algogenic response and the 
tissue. For this purpose, specific equipment has 
been developed that allows for perfect adjust- 
ment of the parameters and guarantees their safe 
application. 

It isnecessary to differentiate between tendons 
with and without a synovial sheath, as two sepa- 
rate biological routes are believed to be involved 
in the healing of these tendons. The intrinsic 
healing pathway involves cells of the endotenon 
and the epitenon that migrate towards the 
tendon lesion area. In the intrinsic pathway, it is 
the non-originating cells of the tendon that par- 
ticipate in the regeneration process. In these, the 
stem cells can be included as well as cells from 
other tissue compartments. Biomechanically, the 
intrinsic pathway produces a complete repair at 
the intratendon level, resulting in a stronger and 
more elastic tendon. The extrinsic pathway con- 
tributes to the formation of a scar callus and 
adherences during the healing process. In all 
tendons the repair occurs via the fibroblasts per- 
taining to the tendon (tenoblasts) and the cells 
located around the sheath, the paratenon and 
even in the neighbouring soft tissue. In this 
manner, one can conclude that the repair mech- 
anisms are different depending on the morpho- 
logical characteristics ofthe tendon. For example, 
healing for the extrinsic pathway of the hand 
flexors is relatively limited. This is due to the 
presence of synovial liquid which physically 
inhibits how growth factors can extrinsically 
reach the intrinsic cells,°’ and which determines 
that, for those tendons with a sheath, the EPI® 
technique is applied in minimal doses. 
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13.3.1.4 Frequency 


The application of EPI® is usually performed 
every 7-10 days, in order to respect the entire 
phagocytosis phase, which lasts approximately 
5—6 days until returning to basal level. It would 
be equally justifiable to consider respecting the 
complete inflammatory cycle of approximately 
14-15 days. 


KEY POINTS 


The commonly used dosage for application of 
EPI® is 3-4 mA and the inflammatory phase of 
tissue repair must be respected. 


13.3.1.5 Postintervention care 
(see chapter 11) 


After each EPI® intervention it is essential to 
educate patients by teaching them to stay in the 
optimal range of functional load, thereby avoid- 
ing any sports activities that lead to the appear- 
ance of injury or pain.°' 


13.3.2 Results 


T he EPI® technique acts upon the affected area 
by triggering the biological process of collagen 
repair and achieving rapid improvement in func- 
tion. The changes in the structure of the tendon 
itself, however (i.e. thickening, hypoechoic 
images) take longer to occur, as they require a 
biomechanical process that involves remodelling 
and maturation of the tendon. 

In the short term, at the time of the patient’ 
discharge (at an average of 4 weeks from the start 
of the programme) various studies have shown 
significant changes in tendon function via the 
use of orthopaedic tests and functional assess- 
ment questionnaires, such as Disabilities of the 
Arm, Shoulder and Hand (DASH) or the Victo- 
rian Institute of Sports Assessment Patellar 
(VISA-P), and in the quantification of pain via 
the visual analogue scale (VAS) and digital 
algometry. Regarding the structure of the tendon 
itself, changes have not been observed (i.e. 
changes in thickening, the presence of hypoe- 
choic areas, calcifications, bone cortical irregu- 
larities), with the exception of the presence of 
hypervascularization in the area. In this sense, in 
contrast to results published on the effectiveness 
of EPI® on patellar tendinopathy,” the hyper- 
vascularization of the common extensor tendon 
displayed significant modifications in the short 
term.’ The hypothesis that may justify these 
differences is based on the structure of the patel- 


lar and common extensor tendon themselves and 
the pattern of neovascularization found in these 
patients. The affected common extensor tendon 
has a lesser volume while the hypervasculariza- 
tion areas, when present, are much smaller and 
more localized than that of the patellar ligament. 
These are circumstances that could facilitate 
elimination or significant decrease in neovascu- 
larization using EPI® in the short term and in 
just a few sessions. A programme of eccentric 
exercise and stretching would help guide the ori- 
entation of the collagen tissue, resulting in a less 
thickened tendon, and the absence of other 
degenerative changes. 

In the mid and long term, one of the frequent 
problems of tendinopathy is relapse, which 
varies between 34% and 72%. In these 
cases, patients usually improve with conven- 
tional physiotherapy programmes commonly 
associated with sports rest and the use of braces; 
however, on return to sports or exercise of equal 
or greater intensity, the symptoms are always 
present. In the published studies available, such 
as in the case of epicondylalgia,’ 6-week 
follow-up did not reveal any relapses in the 
group of patients, despite the fact that 75% prac- 
tised some type of sports activity. Only 16.7% of 
cases needed a final session of EPI® in order to 
treat the odd localized point of residual pain. 
Ultrasound analysis in the mid and long term (6 
and 12 months), after finalizing the EPI® cycle, 
revealed changes in the structure of the tendon.” 

Apart from the use of EPI®, the physiother- 
apy programme includes eccentric-type exercises 
and stretches of the affected muscles carried out 
at home. Our hypothesis is that EPI® stimulates 
the biology of the tendon by provoking an initial 
inflammatory repair phase with the addition of 
early mechanical and controlled loading (eccen- 
tric exercise and stretching), which facilitates the 
process of collagen tissue proliferation. This 
thereby improves the biomechanical properties 
of the stimulated tendon. In this sense, the effect 
of platelet-rich plasma has been studied in the 
Achilles tendon of a rat that was subjected to 
loading and posterior unloading.” This study 
found that, after 14 days postprocedure, the 
effects of platelet-rich plasma disappeared in the 
unloaded group, with the mechanical properties 
of the stimulated tissue being reduced by at least 
half compared with the healthy tissue. 

On the other hand, the type of exercise 
(mechanical load) plays a crucial role in the 
healing process. According to the available evi- 
dence, eccentric training seems to be the exercise 
of choice in these types of patient.°’ ”° Further- 
more, based on clinical experience, in the case of 
chronic tendinopathy, the isolated application of 
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eccentric exercise and stretching is not enough 
to achieve an optimal functional result.”’ Along 
the same lines as the proposed programme 
(EPI® + eccentric exercise + stretching), other 
authors are achieving good results with the use 
of other interventions on the common extensor 
tendon (for example, platelet-rich plasma) as 
well as combining similar programmes of eccen- 
tric training and stretching.” 


13.3.3 Indications and 
contraindications 


13.3.3.1 Indications 


Related to injuries affecting the tendon: 
¢ extrasynovial tendinopathy 
¢ intrasynovial tendinopathy. 


13.3.3.2 Contraindications 


Absolute contraindications 

¢ Endoprosthesis and osteosynthesis: avoid 
electrolytic reactions in the implant, as they 
can trigger a rejection response. 

¢ Pacemakers: avoid any electrical interfer- 
ence that may affect a pacemaker. Many 
pacemaker covers are metallic, and EPI® 
may cause electrolytic effects. 

¢ Heart disease: the heart can be influenced 
by electric fields such as EPI®, which may 
alter the rhythm and cause the appearance 
of extrasystoles or arrhythmia. 

¢ Pregnancy: as a precautionary measure and 
due to a lack of knowledge about what 
occurs in the fetal dissolutions (with high 
metabolism and high mitosis), do not apply 
EPI® during pregnancy. 

¢ Cancer processes: malignant tumours are 
cells that have lost functional control over 
their metabolism and reproduction, there- 
fore electrochemical influences may con- 
tribute to uncontrolled mitogen activation. 

¢ Thrombophlebitis: in this case EPI® is 
contraindicated, due to the possible destruc- 
tion of vessels. Patients with this disorder 
have a reduced turnover of soft tissues. 

¢ Endocrine glands: avoid directly influenc- 
ing the endocrine glands, as this can lead to 
the triggering of undesired general effects. 

¢ Skin disorders: ifabrasions or pressure ulcers 
are present in the region, an important defi- 
ciency of skin resistance will be encountered 
and there will be an excessive concentration 
of electrical energy that can cause a burn. 
However, the galvanic currents applied 
around these ulcers may improve their tro- 
phism with small doses with the cathode, as 


this alkalizes the environment of the tissues 
surrounding the ulcer. 

¢ Neurosensitive disorders: when patients 
are unable to respond (due to either motor 
or sensitive paralysis) with defence mecha- 
nisms towards their electrochemical altera- 
tions, there is a serious risk of a burn. 


Relative contraindications 
¢ Corticoids: scientific bibliography already 
indicates that treatment with non-steroidal 
anti-inflammatories or corticoid infiltra- 
tions inhibits the migration process of 
inflammatory cells (i.e. neutrophils, macro- 
phages) necessary to activate the process of 
phagocytosis.” ’’ The depressed response 
of these cells will avoid activation of the 
fibroblasts in order to generate new colla- 
gen and products of the ground substance 
(prostaglanding, glycosaminoglycans). 
¢ Steroids: the use of steroids is equally asso- 
ciated with an inhibition in the healing 
response of the tissue.” 


13.4 THE EPI® TECHNIQUE 
APPLIED TO DIFFERENT 
TENDINOP ATHIES 


13.4.1 Patellar ligament 


The tendinopathy of the patellar ligament, also 
known as jumper’ knee, causes pain in the 
inferior pole of the patella.” This is considered 
to be one of the most frequent lesions in 
athletes,*’*' with a clear degenerative (i.e. non- 
inflammatory) component associated with what 
is known as overuse injuries.***° 


13.4.1.1 Assessment protocol 


Within the process of assessment and diagnosis 
in physiotherapy of the patellar ligament, it 
is necessary to perform an analysis of the struc- 
ture and function of this ligament. For analysis 
of the tendon structure, a musculoskeletal ultra- 
sound test is recommended, following the pro- 
tocol described by the European Society of 
Musculoskeletal Radiology. The ultrasound 
exploration consists of a longitudinal sequence 
from the proximal origin of the tendon to the 
distal insertion and transverse sections over 
the pole of the patella, the tendon body and 
the insertion in the anterior tibial tuberosity. 
T his is performed bilaterally, with the subject in 
supine, with 20° knee flexion and a small wedge 
under the popliteal fossa. The presence of 
degenerative signs compatible with the medical 
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ort-axis plane 


diagnosis of chronic tendinopathy is assessed 
(thickening of the tendon, hypoechoic images, 
cortical irregularities, calcifications), as these are 
important elements that influence the planning 
of the physiotherapy programme and follow-up. 

Likewise, the power Doppler test (figure 13.6) 
is performed to analyse the presence of hyper- 
vascularization in the area, as it has been observed 
in vivo that neovascularization frequently occurs 
in subjects suffering pain in the patellar 
ligament. ** The test is performed with the 
subject in supine, and the knee totally extended 
and relaxed. The image study can be completed 
with sonoelastographic analysis of the tendon. 

The assessment of the patient is completed 
with the VISA-P scale in order to assess indi- 
vidual function (score 0-100 points)*’ and VAS. 
Depending on the results of the VISA-P scale in 
the first assessment, subjects can be classified 
into two groups: group | and group 2, scoring 
less or more than 50 points, respectively (patients 
with poorer or better function). 


13.4.1.2 Clinical forms 


According to the information obtained, different 
clinical forms of patellar tendinopathy can be 
established: 
¢ depending on the presence of neovasculari- 

zation (figure 13.5): 

° hypovascular: absence of new vessels 

° neovascular: presence of angioblastic 

hyperplasia — the most frequent. 





FIGURE 13.6 = Ultrasound power 
Doppler image sections in 
which different hypervasculari- 
zation patterns are visible, indi- 
cating an alteration in_ the 
structure of a patellar ligament 
with tendinosis. 


¢ according to anatomical localization 

(figures 13.6 and 13.7): 

¢ deep interphase — patellar pole 

¢ deep interphase — H offa’s fat pad. 
The structural characteristics that predominate 
are: alteration of the deep fascicle with the 
presence of focal hypoechoic regions upon the 
patellar pole and cortical irregularities, tendon 
thickening with altered echotexture (figure 13.7) 
and neovascularization (over the pole of the 
patella or a greater distribution upon the tendon 
and in relation to Hoffa’s fat pad) (figure 13.6). 
From a clinical point of view patellar tendinopa- 
thies are associated with longer evolution and 
worsening of the symptoms (VISA-P < 50 
points) with the presence of hypervasculariza- 
tion. 


13.4.1.3 Procedure 


This procedure consists of ultrasound-guided 
application of EPI® according to the following 
commonly used approaches (video 13.1): 
¢ intratendon distal-proximal approach to the 
area of the pole of the patella (figure 13.8) 
with an orientation of 45° on the long axis 
and accessing the deepest area of the tendon 
penetrating into the cortex and a fan-shaped 
application (see chapter 3). T his is in order 
to reach the deep medial and lateral tendon 
fibres 
¢ deep interphase approach from medial to 
lateral between the tendon and Hoffa’ fat 
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FIGURE 13.7 = Ultrasound image sections showing signs of structural alteration in a patellar ligament with tendi- 


nosis (left) compared to a healthy tendon (right). 


FIGURE 13.8 = EPI® treatment approach 
to the inferior patellar pole. (A) Focal 
hypoechoic region on the pole of the 
patella. (B) Needle on the pole of the 
patella with a 45° orientation. (C) Hyper- 
echoic area on the pole of the patella 
after EPI® application which covers the 
initial hypoechoic area. 


pad (figure 13.9). Fan-shaped application 
eliminating the neovascular connexion 
between Hoffa’ fat pad and the deep 
tendon (see chapter 3) 

¢ treatment approach focused on the relevant 
hypervacularization area. 





T he treatment approach to the superficial fasci- 
cle of the patellar ligament is infrequent, in con- 
trast to the pattern involved, for example, in the 
Achilles tendon. 

The intensity applied commonly ranges 
between 4 and 6 mA for 3-4 seconds. 
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FIGURE 13.9 = EPI® treatment approach to the deep interphase of the patellar ligament and Hoffa’s fat pad. 
(A) Simulated cadaver approach. (B) Ultrasound image of the long-axis approach over the deep interphase of 
the patellar ligament and Hoffa’s fat pad in a transverse section. (Colour version of figure is available online). 


13.4.1.4 Scientifc and clinical 
results: evidence 


Studies by Sanchez-Ibafiez et al.,”” Valera et al.” 
and Sanchez-Sanchez’' obtained similar results 
in the short term. The follow-up period in the 
study by Valera et al. obtained results in the mid 
term (6 weeks) and in the long term (6 and 
12 months). 


13.4.1.5 Short-term fndings 


After the treatment period (4-6 weeks on 
average) there were no significant changes in the 
structure of the tendon itself (as regards thicken- 
ing, hypoechoic areas or hypervascularization) as 
this requires a greater process of biomechanical 
remodelling and maturation. 

Important changes were found in analysis of 
function; the average score obtained in the total 
32 subjects with the VISA-P scale was 80 points 
(SD 12; 27 points more than at the beginning), 
with a difference of 69 points (SD 7; 36 points 
more at the beginning, which represents more 
than 100% of the initial score) in group 1 
(VISA-P with less than 50 points) and 88 points 
(SD 7; 20 points more than at the beginning) in 
group 2 (VISA-P with more than 50 points). 


13.4.1.6 Mid- to long-term fndings 


T he follow-up performed on patients confirmed 
changes in the tendon matrix (figures 13.10 and 
(3.11). 


13.4.2 Common extensor tendon 


Epicondylitis (lateral epicondylalgia or ‘tennis 
elbow’) is one of the most frequent clinical enti- 


ties affecting the elbow, affecting 1-3% of the 
population.’ However, the physiopathological 
changes that are behind this clinical picture still 
do not seem to be very clear, and their manage- 
ment by health professionals has yet to be con- 
clusively determined. 

Traditionally, epicondylitis has been defined, 
diagnosed and treated as an inflammatory proc- 
ess of an insertional nature. However, several 
studies have demonstrated”? that this is in fact 
a degenerative process. Chen et al.” identified 
high cellular apoptosis and cellular autophagic 
death while other authors, using microdialysis, 
were able to identify in vivo an excessive concen- 
tration of neurotransmitters, such as glutamate, 
and neuropeptides, such as SP, CGRP and neu- 
rokinin A. These concentrations were found 
especially in the tendon of the extensor carpi 
radialis brevis (ECRB)”’ muscle, plus there was 
thickening at the capsule of the humeroradial 
joint, as well as in the lateral ulnar collateral 
ligament, the radial collateral ligament and the 
annular ligament.”® 


13.4.2.1 Assessment protocol 


The assessment protocol for the tendon of the 
epicondyle muscles is defined using the Musa- 
loskeletal Ultrasound Technical Guidelines: Elbow of 
the European Society of Musculoskeletal Radi- 
ology.** The ultrasound examination consists of 
a longitudinal sequence from the proximal origin 
of the tendon to the muscle and of transverse 
sections over the head of the radius, the body of 
the tendon and the insertion on the lateral epi- 
condyle of the humerus, bilaterally, with the 
subject seated, the forearm supported on the 
plinth and the elbow at 90° flexion and maximal 
pronation. 
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FIGURE 13.10 = Changes in structure of the patellar ligament in the mid and long term. The image on the right- 
hand side shows the formation of proliferation nuclei in the collagen tissue. 


Likewise, the power Doppler test is recom- 
mended in order to analyse the presence of 
hypervascularization in the area, as it has been 
observed in vivo that neovascularization 1s fre- 
quent in subjects with lateral epicondylalgia.””'”" 
The test is performed with the subject seated, 
the forearm supported on the plinth and elbow 
at 90° flexion and maximal pronation. 

The process of assessment and diagnosis in 
physiotherapy is completed with the functional 
assessment via orthopaedic tests, such as the 
Cozen test, the Thomson test, the Mills test, 
the DASH questionnaire'’' (0-100 points) and 
the assessment of pain using the VAS and pres- 
sure values using digital algometry on the lateral 
humeral epicondyle. 

According to published studies, such as that 
by Clarke et al.,°~ the affected areas identified 
using musculoskeletal ultrasound correlate with 
the patient’s clinical findings. 


13.4.2.2 Clinical presentations 


The most frequent clinical presentations in 
lateral epicondylalgia are: 


¢ depending on the presence’ of 
neovascularization: 
° hypovascular (most frequent) 
° neovascular. 
° pinemne on 
es 13.12): 
ECRB - deep fascicle 
° at the insertion of the common tendon 
in the lateral margin of the lateral 
epicondyle 
¢ ECRB ~ articular capsule of the humero- 
radial joint. 
The structural characteristics that predominate 
are: alteration of the ECRB with presence of 
focal hypoechoic regions, loss of intratendon 
continuity, irregularities in the bone cortex and 
changes in the insertion to the epicondyle. 


anatomical localization 


13.4.2.3 Procedure 


The procedure consists of ultrasound-guided 
application of EPI® via the ae reed 
used approaches (video 13.2 and f Tas8 2): 
¢ Intratendon approach of the ECRB in the 
deepest plane to the lateral epicondyle. The 
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Baseline 


Baseline 


Baseline 


FIGURE 13.11 
figure is available online). 


needle is inserted in the long axis with an 
orientation of 45—60° from caudal to cranial 
and slightly from anterior to posterior, 
seeking the insertion point of the deep fas- 
cicle of the tendon. 

¢ Procedural approach on to the insertion of 
the common extensor tendon. The needle 
is inserted in the long axis with an orienta- 
tion of 30° from caudal to cranial, seeking 
the insertion of the tendon on the lateral 
epicondyle. 

¢ Procedural approach on to the deep fascicle 
of the ECRB tendon in relation to the 
articular capsule of the humeroradial joint 
in the short axis, entering perpendicularly. 


(3.4.2.4 Results: scientif c 


In a study by Minaya et al.°’ 36 subjects were 
included (52.8% men and 47.2% women), with 
an average age of 38 years (SD 6.4). A total of 
88.9% of subjects performed a work-related 
activity with maintained postures or repeated 
gestures that affected common extensor tendon 





Changes in the structure of the patellar ligament in the mid and long term. (Colour version of 


(such as, for example, administrative workers, 
plumbers, waiters and firemen) and 75% prac- 
tised some kind of sport with a mechanical use 
of these muscles, such as tennis. T he duration of 
the symptoms ranged from 4 to 24 months 
(average 9.6 months; SD 4.6 months). 


After four sessions, 80.5% of subjects ended the 
initial intervention programme with no pain 
(score of 2 or less) on the VAS. In 86.2% of sub- 
jects, pain was not reproduced in the Cozen or 
Thomson test and algometric values were sig- 
nificantly raised, with pressure upon the lateral 
epicondyle changing from 7.9 kg to 29.3 kg. The 
analysis of functionality according to the DASH 
questionnaire showed important changes. The 
average score obtained in all 36 subjects was 37.4 
points, which means that an improvement 
of more than 40% was obtained in functional 
capacity. None of the subjects abandoned the 
treatment and no complications or adverse reac- 
tions were reported during the application of 
EPI®. 
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FIGURE 13.12 = EPI® technique approaches to the lateral epicondyle region. (A) Tendon of the extensor carpi 
radialis brevis (ECRB) muscle — deep fascicle. (B) Insertion of the common extensor tendon along the lateral 
aspect of the lateral epicondyle. (C) ECRB — joint capsule of the humeroradial joint. (Colour version of figure is 


available online). 


Changes in structure were not identified, 
except regarding hypervascularization; this was 
eliminated or significantly reduced. 


13.4.2.6 Mid- and long-term fndings 


Analysis in B-mode, Doppler colour and elastog- 
raphy evidenced changes in tendon structure 
(figures 13.13 and 13.14). 


13.4.3 Supraspinatus tendon 


Currently, it has been said that one in three 
people experiment shoulder pain at least once 
in their life, and approximately half the popula- 
tion experiences shoulder pain at least once a 
year. The incidence of shoulder pain increases 
substantially with age, and, for people over 65 
years old, shoulder pain is the most common 
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6 months post-discharge 


FIGURE 13.13 = Changes in the structure of the common extensor tendon in the mid term. (A) B-mode image, 
sonoelastography and power Doppler at baseline. (B) B-mode image, sonoelastography and power Doppler at 


6 months postdischarge. 


musculoskeletal problem. The dysfunction in 
the shoulder is often persistent and recurrent, 
with 54% having relapses in the following 3 
years, postlesion. © 

In relation to the structures implicated in 
shoulder pain, the rotator cuff and the subacro- 
mial bursa are considered the main structural 
sources of pain. Hashimoto et al.’"” identified 
diffuse degenerative changes associated with 
microscopic ruptures in the tendon and infil- 
tration of fibroblasts, vascular hyperplasia- 
hypervascularization, disorganization of the 
collagen fibres, calcification and fat infiltration. 
With the exception of fat infiltration and hyper- 
vascularization, the changes were highly evident 


in the middle and deep planes. On the other 
hand, in patients with shoulder pain and a degen- 
erated rotator cuff, the presence of collagen type 
III was observed and deposits of amyloids were 
found,'** which could justify the mechanical 
weakness and irreversible changes of the tend1- 
nous tissue. Other authors also found that inju- 
ries of the rotator cuff begin where the forces are 
greater, in other words, in deeper planes, impli- 
cating the tendon of the biceps brachii muscle 
with lesions and patterns of tendon instability 
atfecting the long head of the biceps brachii 


muscle'®>'°* and Sa specific lesions of the 
biceps pulley (fis 15) and the rotator inter- 
val (figure 13.11 510 ; 
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FIGURE 13.14 = Changes in the 
structure of the common exten- 
sor tendon in the mid and long 
term. 


FIGURE 13.15 =» Anatomy of the 
biceps pulley. CHL, coraco- 
humeral ligament; SGHL, supe- 
rior glenohumeral ligament; 
PSGHL, postero-superior gleno- 
humeral ligament; CGL, coraco- 
glenoid ligament; PL, posterior 
ligaments; AL, anterior liga- 
ments; LHB, long head tendon 
of biceps brachii muscle; CP, 
coracoid process. (Adapted from 
Di Giacomo G, Pouliart N, Costan- 
tmi A etal. Atlas of Functional 
Shoulder Anatomy. Part 3: 
Glenohumeral Jomt. New York: 
Springer, 2008). 


13.4.3.1 Assessment protocol 


The assessment protocol for the rotator cuff, 
according to the Musauloskeletal Ultrasound Tech- 
nical Guidelines: Shoulder of the European Society 
of Musculoskeletal Radiology,” consists in a lon- 
gitudinal sequence from the proximal origin of 
the supraspinatus tendon to its insertion in the 
humerus and transverse sections for assessment 


12 weeks post-discharge 





6 months post-discharge 





Superior glenohumeral ligament 
(SGHL) 
+ 
Coracohumeral ligament 
(CHL) 


of the rotator interval. The subject is seated, 
with the arm in extension, adduction and exter- 
nal rotation, and the palm of the hand is placed 
upon the posterior iliac crest. 

Similarly, the power Doppler test 1s recom- 
mended in order to assess the presence of hyper- 
vascularization in the area. 

Complete the patient assessment by testing 
function via orthopaedic tests such as Neer, 


306 PART VI PERCUTANEOUS NEEDLE ELECTROLYSIS (PNE) 





ay, Se 
Oe | \ 


uy 
4 s 
ne 
‘ 


Hawkins and Kennedy and functional assess- 
ment scales such as the Shoulder Pain and Dis- 
ability Index (SPADI) at baseline and discharge. 


13.4.3.2 Clinical presentations 


The most frequent clinical presentations in the 
tendinopathy of the rotator cuff are: 

¢ depending on the presence’ of 

neovascularization: 
¢ hypovascular (most frequent) 
° neovascular. 
¢ depending on the anatomical localization 
(figure 13.17): 
° supraspinatus 
° rotator interval. 

Predominant structural characteristics include 
alteration in the echotexture of the supraspinatus 
tendon with hypoechoic focal regions, the pres- 
ence of calcifications and changes in the enthesis. 





FIGURE 13.16 =» Anatomy ofthe rotator 
interval. CP, coracoid process; LHB, 
long head tendon of biceps brachu 
muscle; SSC, subscapular muscle; 
SSP, supraspinatus muscle; dashed 
line: rotator interval (pillars anchor 
the long head tendon ofbiceps brachu 
muscle, fibres of the supraspinatus 
tendon, fibres of the subscapularis 
tendon and joint capsule). (Adapted 
from Di Giacomo G, Pouliart N, Costan- 
tini A et al. Atlas of Functional Shoulder 
Anatomy. Part 3: Glenohumeral Joint. 
New York: Springer, 2008). 


FIGURE 13.17 = EPI® treatment 
approaches on the deep inter- 
phase, intratendon and superficial 
interphase of the supraspinatus 
tendon. DEL, deltoid muscle; 
GLEN, glenoid; HH, humerus; SSP, 
Supraspinatus muscle. (Courtesy 
of Drs Fermin Valera and Francisco 
Minaya; cadaveric image adapted 
from Di Giacomo G, Pouliart N, Cos- 
tantini A etal. Atlas of Functional 
Shoulder Anatomy. Part 3: Gleno- 
humeral Jomt. New York: Springer, 
2008). 


13.4.3.3 Procedure 


The most frequently used approaches are 


(video 13.3): 


¢ Approach into the deep interphase, intra- 
tendon and superficial interphase of the 
supraspinatus tendon (figure 13.17). The 
needle is inserted from the anterosuperior 
approach with a 40° orientation in a lateral 
and caudal direction. 
¢ Approach over the rotator interval. Using 
a fan-shaped application over the fibres of 
the supraspinatus, the long portion of the 
biceps and subscapularis (figures 13.18 and 
13.19), puncture from cranial to caudal, 
perpendicular to the structure, or from 
medial to lateral, or lateral to medial, 
depending on the tissue affected (see 
chapter 3). 
The application is always performed with 
ultrasound guidance and the intensity of the 
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HGURE 13.18 =» EPI® treatment 
approaches on long-head of biceps 
brachii tendon. CP, coracoid proc- 
ess; SSC, subscapular muscle; 
SSP, supraspinatus muscle. (Cour- 
tesy of Drs Fermin Valera and Fran- 
cisco Minaya; cadaveric image 
adapted from Di Giacomo G, Pouliart 
N, Costantini A et al. Atlas of Func- 
tional Shoulder Anatomy. Part 3: 


Glenohumeral Jomt. New York: 
Springer, 2008). 
FIGURE = 13.19 EPI® treatment 


approaches on the rotator interval. 
SSC, subscapular muscle; GLEN, 
glenoid; HH, humerus; ISP, infrasp- 
inatus. (Courtesy of Drs Fermin 
Valera and Francisco Minaya; cadav- 
eric image adapted from Di Giacomo 
G, Pouliart N, Costantini A et al. Atlas 
of Functional Shoulder Anatomy. Part 
3: Glenohumeral Jomt. New York: 
Springer, 2008). 


application commonly ranges between 4 and 
6 mA for a period of 3-4 seconds. 


In a sample of patients from the Valera et al. 
study,’® patients were included who had a medical 
diagnosis of tendinitis of the rotator cuff of 
more than 3 months’ duration, and who had 
previously performed a conventional physio- 
therapy treatment programme which had failed 
to provide adequate functional recovery. Twenty- 
four subjects were included (70.8% males and 
29.2% females). The average age was 42 years. 
The most frequent clinical localization of 
degenerative changes (thickening, fibrosis, focal 
hypoechoic regions, calcifications) was upon the 
rotator interval and the insertion of the suprasp- 
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inatus. Hypervascularization was present in 
20.8% of cases. 


Significant functional improvement was reported 
in 71% of subjects after three sessions of EPI® 
(Neer test 83.3% to 16.7%, Hawkins and 
Kennedy 91.7% to 20.8%, SPADI 78% to 12%) 
together with a reduction in hypervasculariza- 
tion of the area. No further changes in the struc- 
ture were identified. 


The analyses in B-mode, Doppler colour and 
elastography evidenced important changes in the 
structure of the tendon. 
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Hypoechoic image 





Thickening 


FIGURE 13.20 = Rupture of the supraspinatus tendon and tenosynovitis of the long-head tendon of the biceps 


brachii muscle. 


KEY POINTS 


The EPI® technique for the treatment of tendi- 
nopathy provokes changes in function in the 
short term and changes in tendon structure in 
the mid and long term. 


13.5 CUNICAL CASE 


This case involved treatment of rupture of the 
supraspinatus tendon and tenosynovitis of the 
long head tendon of the biceps brachii muscle 
using EPI®’” (figure 13.20). 

Injuries fea the rotator cuff are highly 
frequent and prevalent in the workplace and 
sports and are characterized by frequent relapses 
that can easily become chronic. Traditionally, 
alterations in the rotator cuff have been defined, 
diagnosed and treated as an inflammatory proc- 
ess affecting the tendon insertions. However, 
several studies have now demonstrated that these 
are, in fact, associated with a degenerative proc- 
ess IN microscopic ruptures in the tendon and 
infiltration of fibroblasts, vascular hyperplasia- 
hypervascularization and disorganization of the 


collagen fibres, compatible with the concept of 
tendinosis. This change of paradigm requires 
modification of the conventional approach from 
an inflammatory perspective towards treatment 
of the degenerative condition. 

Reason for consultation: the patient has a 
medical diagnosis of partial rupture of the 
supraspinatus tendon and tenosynovitis of the 
long head of the biceps brachii muscle who 
attends the physiotherapy service of MVClinic- 
Madrid for assessment and treatment due to the 
presentation of a case resistant to any type of 
treatment and as a last treatment option before 
considering surgery. 

History of the problem: male, 34 years, right- 
handed, fireman, who regularly trains doing 
body building at a gym with a case of pain in the 
right shoulder which he has suffered for 18 
months and which he associates with the per- 
formance of a push-up during which an audible 
click was heard in the anterior aspect of the 
shoulder. Prior to his visit, he had attended 
various conventional physiotherapy programmes 
(e.g. therapeutic ultrasound, laser, Cyriax 
massage), tried pharmacological treatment and 
received three corticoid infiltrations (the last one 
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more than 6 months previously with a minimal 
improvement in pain), without reaching ade- 
quate functional recovery. 

Diagnostic tests: the patient brought a mag- 
netic resonance image scan with the result of 
‘partial tendon rupture of the supraspinatus and 
tenosynovitis of the long head tendon of the 
biceps brachii muscle’. 

Physiotherapy diagnosis: at the first visit, an 
analysis of the structure and function of the 
patient was performed. The structure of the 
rotator cuff and the biceps brachii was assessed 
with musculoskeletal ultrasound (portable ultra- 
sound Logiq-E® by General Electric with a 
linear 12L-RS, 5—13 MHz probe), which showed 
signs of degeneration in the insertion of the 
supraspinatus tendon (thickening of the tendon 
and hypoechoic areas), plus a considerable col- 
lection of liquid in the pathway of the biceps 
brachii tendon of the biceps brachii muscle, at 
the level of the bicipital groove, with signs of 
hypervascularization at this level. Patient func- 
tion was assessed with the SPADI questionnaire, 
the Neer orthopaedic test (+), the Hawkins and 
Kennedy test (+) and pain was found on palpa- 
tion of the insertion area of the supraspinatus 
tendon, with a limitation of the internal rotation 
of the arm affecting the last 15° in the frontal 
plane. The asymptomatic tendon (contralateral) 
was considered the control. 


(Clinical case continued on pages 489-490) 
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14.1 INTRODUCTION 


There are four fundamental types of tissues in 
the human body: epithelial, connective, muscu- 
lar and nervous. All of these body tissues can be 
described as soft tissues, except for bone. Soft 
tissue is defined as the matrix of the human body, 
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composed of cellular elements within a ground 
substance. The soft tissue is the most common 
site of functional impairment in the muscu- 
loskeletal system and, therefore, most sports 
injuries affect these tissues.' 

However, why do muscle injuries occur? Sci- 
entific research has attempted to respond to this 
question, but with little overall consensus. Inad- 
equate training and warm-up, prior injuries fol- 
lowed by inadequate recovery, prior injuries with 
the formation of a fibrous scar, fatigue, lack of 
flexibility and prolonged exposure to cold seem 
to be the most documented variables in the sc1- 
entific literature to date.’ 

Ekstrand et al.’ performed a study with 51 
UEFA football teams, with a sample of n = 2299 
and follow-up from 2001 to 2009. This study 
found that muscle injuries represent up to 31% 
ofall sports lesions. Of these, 92% affect the four 
large muscle groups of the lower limb. T hese 
are: hamstring muscles (37% of all injuries), 
adductors (23%), quadriceps (19%) and triceps 
surae (13%) muscles. Relapses are responsible 
for extending the total rest period and the inci- 
dence of muscle injuries increases with age. 
When the different muscle groups were ana- 
lysed, an increase in the incidence of muscle 
injuries with ageing was only found in injuries of 
the triceps surae muscle, and not for the quadri- 
ceps and hamstring muscles or for the muscles 
of the hip and pelvis. 

In this chapter, the physiopathology ofhealing 
will be described, together with the different 
mechanisms of repair and regeneration of skel- 
etal muscle injury. The aim of this chapter is for 
physiotherapists to be able to design, apply and 
supervise a functional recovery programme 
based on the physiological response of the tissues 
to the lesion and its healing mechanisms. 

In order to achieve optimal patient recovery, 
the following general objectives must be consid- 
ered (figure 14.1): 





General 
objectives 









Re-establish 
biomechanics 


Re-establish 
homeostasis 


Control the fibrosis 
and restore the 
structure 


Restore 
function 


FIGURE 14.1 = General objectives for achieving optimal 
patient recovery. 


¢ control of the inflammatory process 
¢ alleviation of pain 
¢ optimization of the regeneration/repair 
process 
¢ maintenance of cardiovascular resistance 
¢ restoration of joint mobility 
¢ restoration of the flexibility of the soft 
tissues 
¢ recovery of muscular strength 
¢ increased muscular resistance 
¢ improvement of proprioception and neu- 
romuscular control 
¢ increased functionality of the individual 
(walking, jumping, running) 
¢ development of biomechanical patterns 
related to the sport technique. 
On the other hand, in order to achieve a correct 
evolutive healing process, it is important to 
design a series of specific objectives that should 
be prioritized when planning a physiotherapy 
intervention for muscular lesions. These are: 
¢ improvement of symptoms 
¢ promotion of early restoration of the ind1- 
vidual’s function 
¢ achievement of regeneration versus repair 
¢ prevention of relapses. 


14.1.1 Repair versus regeneration 


Repair of the biological tissue is the restoration 
or replacement of the tissue which has lost its 
original architecture or function. T his is a trans- 
formation that occurs spontaneously and the 
final result is formation ofa scar or a fibrous scar. 
As the tissue does not completely recover to its 
original state, its mechanical and physical prop- 
erties become inferior. On the other hand, 
regeneration is restoration of the tissue with the 
development of properties that are indistinguish- 
able from that of the original tissue. T he capacity 
for regeneration 1s limited to only select tissues. 

Considering these two distinctions, the physi- 
otherapist must seek to promote regeneration 
over repair, although both processes occur simul- 
taneously in the presence of a soft-tissue injury. 

One of the main issues to be dealt with in 
physiotherapy is the identification of the cellular 
and molecular differences that exist between 
regeneration (new tissue) and repair (scarring). 
The circumstances under which a tissue scars 
instead of regenerating depend on the content 
of the cells and the presence of stimulating cells 
necessary for regeneration. 

One prerequisite for regeneration is the 
potential for cell division. This depends on the 
type of cell according to its capacity for division 
(unstable, stable and permanent), and therefore 
not all differentiated cell populations are subject 
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TABLE 14.1 The different growth factors have a specific action on the cell depending 


on specific cell receptors 





Growth factor Fibroblast Extracellular Neovascularization 
proliferation matrix synthesis 

Vascular endothelial growth factor (VEGF) 2 — sash 

Platelet-derived growth factor (PDGF) tte + *k 

Transforming growth factor-beta (TGF-beta) +/— ata 5s 

Type | insulinic growth factor (IGF-I) ae tate = 


? uncertain; — no effect or negative effect; +: increase; ++ substantial increase; * indirect effect. 


Adapted from Anitua.’ 


to regeneration. For example, permanent cells 
cannot be substituted if they are lost. They have 
a long life, which is why they live in protected 
environments (which is the case for most nervous 
cells). However, most differentiated cells are not 
permanent but rather are periodically renewed. 
The new cells can originate in two ways: either 
by simple duplication of pre-existing cells (which 
divide, forming child cells of the same type), or 
via a process of differentiation from undifferenti- 
ated mother cells, which implies a change in 
cellular phenotype.* The renovation time varies 
according to the type of tissue, and can be as 
short as 1 week or as long as | year. Many tissues 
with very slow renewal kinetics can be stimulated 
in order to produce new cells at a higher speed. 
An example of this is the endothelial cells of the 
blood vessels. These cells renew themselves via 
duplication and their turnover is very slow; 
however they can regenerate rapidly when 
damaged. In other words, the cell loss stimulates 
proliferation via a haemodynamic mechanism. 
The new capillaries are formed via gemmation 
(angiogenesis) and growth of the capillary 
network is controlled by the factors liberated by 
the neighbouring tissues. 

The bone medulla is the source of precursor 
cells that are capable of differentiating them- 
selves into the different cell types: osteoblasts, 
chondroblasts and myoblasts. The different 
types of differentiated cells must maintain the 
correct proportions and the correct position and, 
in order to maintain this order, there must be 
communication signals between the different 
cells. The cellular signs are determined by 
certain cytokines and growth factors.” These 
proteins are sent from one cell to another in 
order to transmit a correct migration signal, dif- 
ferentiation and/or activation signal. From a 
functional point of view, these growth factors 
can be differentiated into two types: 

¢ autocrine growth factors: these interact 

with the autoreceptors of the same cell that 
synthesizes them 


¢ paracrine growth factors: these act upon 
another adjacent or distant cell. 

The growth factors are the main biological 
mediators that regulate key occurrences in tissue 
repair, such as cell proliferation, chemotaxis 
(directed cellular migration), cellular differentia- 
tion and synthesis of the extracellular matrix. 
The union of the growth factors with their spe- 
cific membrane receptors triggers biological 
actions, transforming this extracellular event 
(the union of the ligand with its receptor) into 
an intracellular event. A stimulus is transmitted 
into the interior of the cell, where the signal is 
amplified and specifically channelled. The 
amplification of the signal implies a large spec- 
trum of enzymes with specialized functions. 

Currently growth factors are recognized as 
being multifunctional. In other words, they can, 
on the one hand, stimulate the proliferation of 
certain cells, and on the other, inhibit the prolif- 
eration of others. They can also cause undesir- 
able effects, unrelated to the proliferation, in 
other types of cells’ (table 14.1). 


14.1.2 Physiological regeneration 
mechanisms 


The process of healing takes place in the follow- 
ing phases: inflammatory response, fibroblastic 
repair and remodelling/maturation. Although 
these phases are presented as three separate enti- 
ties, the process of healing is actually a continu- 
ous progression. T he phases overlap and they do 
not have fixed beginning/end points.* 


14.1.2.1 Inflammatory response 


The destruction of the tissue produces a lesion 
of the cells and this, in turn, causes alteration 
in the basal metabolism and liberation of 
chemical substances that initiate the inflamma- 
tory response. This inflammatory response is 
a process via which cells of an inflammatory 
nature reach the site of the lesion (neutrophils 
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Inflammatory response 
¢ Phagocytosis (2-4 days) 


Fibro blastic phase (3h to 3-4 weeks) 
¢ Proliferation of fibroblasts 
¢ Collagen synthesis 
¢ Neovascularization 


Remo delling-maturation phase 
Remodelling: at 3 weeks the tissue can be firm 
Maturation: may take from 12 months to several years 


FIGURE 14.2 = Evolutive phases of muscular regenera- 
tion. It is essential to respect the inflammatory 
response in order to allow for the process of prolifera- 
tion and remodelling of the destroyed cells and essen- 
tial elements of the extracellular matrix. 





and macrophages), producing oedema. This 
inflammatory response has a protective function 
over the injured tissue and tends to eliminate the 
elements or substances resulting from the lesion 
via phagocytosis. This process also prepares the 
ground for tissue regeneration (figure 14.2). 

Once the inflammation is in place, there is a 
series of local vascular effects that occur, com- 
prising alterations of the haemodynamics and 
diapedesis of the leukocytes. The vascular reac- 
tion implicates formation of a platelet plug and 
growth of fibrous tissue. T he immediate response 
to the injury is a capillary vasoconstriction that 
lasts 5-10 minutes, in order to continue with a 
vasodilation that progresses later towards stag- 
nation and stasis. The histamine liberated by 
injured cells causes vasodilation and increase in 
permeability of the endothelial vascular cells. 
The leukotaxine facilitates alignment of the 
leukocytes along the wall of the blood vessels, 
enabling separation of the endothelial cells in 
order to facilitate the diapedesis or migration of 
the leukocytes to the injured area. The necrosis 
is in charge of the phagocytic action and the 
degree of swelling that occurs in the area is 
related to the seriousness of the injury. The clot 
is formed by conversion of fibrinogen to fibrin, 
so that the injured area remains isolated during 
the inflammatory phase. The leukocytes (neu- 
trophils and macrophages) not only phagocytose 
most of the waste products, but also liberate nec- 
essary growth factors in order to activate the 
fibroblasts. 

The inflammatory response lasts between 2 
and 4 days after the formation of the injury.’ 


14.1.2.2 Fibroblastic repair 


The period of fibroblastic repair begins a few 
hours after the injury and can last 4-6 weeks. 

During this period many symptoms and signs 
of inflammation decrease or disappear while 
the scarring advances.’ During this phase the 
decrease in PO, also stimulates proliferation of 
the capillaries towards the site of the injury and, 
therefore, the injury is able to heal under aerobic 
conditions. With the increase in blood an 
increase in the administration of O, and the nec- 
essary nutrients occurs in order to facilitate 
fibroblastic proliferation and, therefore, the syn- 
thesis of the constituting elements of the extra- 
cellular matrix. 

On the sixth or seventh day, the fibroblasts 
begin to synthesize collagen fibres, which are 
randomly arranged. At this point, it is vital 
to provide the optimal mechanical stimulus in 
order to favour the correct alignment and 
remodelling of the newly formed collagen tissue. 
According to the degree to which the tension 
force of the collagen tissue increases, the number 
of fibroblasts decreases and this indicates the 
onset of the maturation phase. 

In some cases, when the inflammatory 
response is excessive, a continuous fibroplasia 
occurs, which results in increased fibrogenesis 
that creates the appearance of a fibrosis. 


14.1.2.3 Remodelling phase/maturation 
phase 


In this phase, the reorganization or remodelling 
of the collagen fibres takes place, and this will 
constitute the scar tissue. 

With an increase in tension, the collagen 
fibres arrange themselves in parallel, following 
the vectors of the traction forces. The tissue will 
begin to take on a normal appearance and func- 
tioning and, 3 weeks later, a resistant and avas- 
cular scar will form; the maturation phase can 
last up to several years.'' 


14.1.2.4 Factors affecting healing 


T here are a series of factors'* that can alter the 
healing process: 
¢ The nature ofthe injury: in the case of mus- 
cular grade II-III injuries, there may be an 
imbalance in the repair mechanisms com- 
pared to the regeneration mechanisms. 
¢ Deficiency in the blood supply: those 
injured tissues with a deficient vascular 
supply heal more slowly and with more dif- 
ficulty. T his is related to precarious activa- 
tion of the phagocyte and fibroblast cells. 
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¢ Excessive tension upon the injured tissue: 
it is fundamental for there to be optimal 
mechanical stimulus in order to improve 
the mechanical and physical qualities of the 
collagen tissue. If this tension 1s excessive 
and repeatedly goes beyond the supraphys- 
iological limit, intermittent injuries of col- 
lagen tissue will occur together with cyclic 
ischaemia, which will prolong the healing 
period. 

¢ Atrophy and muscle spasm: the weakness of 
the muscle tissue favours proliferation of 
the scar tissue surrounding the muscle 
fibres. This creates stiffness and a decrease 
in muscular extensibility. Similarly, the 
muscle spasm can result in local ischaemia, 
which hampers cellularity and maturation. 

¢ Corticosteroids: the use of steroids in the 
first stages of healing inhibits the inflam- 
matory cellular response and, in a similar 
way, fibrogenesis. It has been demonstrated 
that, due to the early administration of cor- 
ticosteroids, a decrease in collagen synthe- 
sis occurs and the tension vectors of the 
collagen are decreased." 


14.1.3 Muscle injury 
and regeneration 


Muscle injuries, contusions, distensions or tears 
are common traumas in sports physiotherapy 
and their incidence represents 10-55% of all 
sports lesions.' 

Muscles can be injured by direct trauma that 
provokes an excessive compression force, in 
other words, a contusion. With the application 
of great tensile strength, distension occurs. From 
an aetiological point of view, muscle injuries are 
classified into: 

¢ injuries produced by extrinsic mechanisms 

or direct impact, including muscular 
contusions 

¢ injuries due to intrinsic mechanisms and 

secondary to an intramuscular trauma. 


T hese are a consequence of ballistic move- 
ments and stretches with an eccentric 
action that originate from excessive tension 
within the muscle, causing its injury. 
On the other hand, it is important to stress the 
risk factors’ that may favour the appearance of 
these types of lesions: 
¢ people of a short and broad or hypermus- 
cular phenotype 
¢ biarticular muscles: associated with a higher 
risk of injury 
* excessive or deficient training, inadequate 
warm-up and accumulated fatigue 
¢ environmental factors such as cold and 
humidity that notably influence the appear- 
ance of these types of muscle injury. 


14.1.3.1 Muscle injuries with an 
extrinsic cause: muscle contusion 


Muscle contusion occurs as a consequence of a 
direct impact upon the muscle. The muscle is 
subjected to a compressive force against the sub- 
jacent bone causing a rupture with a profound 
haemorrhage. 

Muscle contusions are most frequently located 
in the deep muscle areas close to the bone, but 
they may also be superficial and can appear in 
any part of the muscle. The intensity of these 
injuries is determined depending on the limita- 
tion of mobility arising from the affected joints. 
A contusion is mild when it causes a loss of less 
than a third of normal mobility, whereas serious 
contusions cause limitations of more than a third 
of normal articular mobility.“ 

In order to assess the prognosis and speed of 
recovery, the classification by Jackson and Feagin 
is very useful’? (table 14.2). 

As soon as a muscle is subjected to a hard 
impact, a haemorrhage occurs, and this may 
be intra- or intermuscular. In the first case, 
swelling occurs secondary to an increase in intra- 
muscular pressure. This compresses the blood 
vessels and prevents them from continuing to 


TABLE 14.2 Classification of quadriceps contusions 





Intensity Symptoms 

range 
Mild Localized tenderness >90° 
Moderate Swollen tender muscle mass <9()° 
Severe Marked tenderness and swelling <45° 


Adapted from Jackson and Feagin."” 


Knee motion 


Functional capacity 


Normal gait 

Normal flexion 

Antalgic gait 

Pain going up Stairs 

Pain getting up 

Severely antalgic (crutches are necessary) 
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bleed. A tumefaction occurs that lasts for more 
than 48 hours, accompanied by pain and 
decreased mobility. The extravasated blood 
attracts the liquid of the neighbouring tissues via 
osmosis. T his increases the oedema even further, 
causing a secondary hypoxic lesion. The unin- 
jured cells that managed to escape the damage 
caused by the trauma or contusion will suffer 
metabolic problems due to lack of oxygen as a 
consequence of the reduced blood circulation 
produced by the inflammatory reaction. The 
cells can die in areas where there is extensive lack 
of oxygen. 

The haematoma (i.e. bruising) increases in 
volume as a consequence of the accumulation of 
more tissue remains produced in the affected 
area due to secondary hypoxic injury. As the cells 
are being destroyed by the inflammatory process 
they liberate more free proteins, causing oedema 
and producing a secondary additional injury. 
The insufficient oxygen supply to the cells can 
cause acidosis, causing the cells to expand and 
burst and, finally, be digested by the enzymes of 
the destroyed lysosomes. Both the rupture of the 
cellular membrane together with the intracellu- 
lar liberation of the lysosome enzymes lead to 
cell death and the debris resulting from this 
process is aggregated to the contents of the hae- 
matoma. In this manner, the total mass of the 
damaged muscle tissue increases. 

An intermuscular haematoma is characterized 
by injury of the aponeurosis that surrounds the 
muscle, enabling extravasation of the haemor- 
rhage between the muscles. The effect of gravity 
makes the haematoma and the tumefaction 
appear in an area distal to the injury after 24-48 
hours. If there is no elevation in pressure and the 
oedema 1s transitory, the muscle rapidly recovers 
its function. 

All muscle injuries should be considered to be 
potentially serious during the first 2-3 days, and 
an immediate exploration of the injured area 
should be performed and repeated in order to 
try and distinguish whether the haemorrhage is 
intermuscular or intramuscular. Between 48 and 
72 hours after the muscle injury, it is important 
to try to respond to the following questions: 

¢ Has the tumefaction passed? 

¢ Has the haemorrhage disseminated and 

caused the appearance of haematomas at a 
distance from the injured area? 

¢ Has the contractile capacity of the muscle 

normalized or improved? 
If the response to these three questions is nega- 
tive, then it 1s probable that the injury corre- 
sponds with a case of intramuscular haemorrhage. 
Likewise, it is important to define how serious 
an injury it is in order to provide the sports 





FIGURE 14.3 = Transverse ultrasound section of a 
rectus femoris muscle contusion. An anechoic image 
is observed in the interior of the muscle, indicating the 
presence of the haematoma produced by the injury. 


player with both the correct and appropriate 
treatment.'* 

T he muscular contusion is visible under ultra- 
sound because of the presence of one or various 
cavities with an echoic content and irregular 
borders, accompanied by small hypoechoic 
images that correspond to areas of disorganiza- 
tion located within the muscle structure or small 
well-defined haematomas (figure 14.3). 

With regard to recovery programmes, ath- 
letes who have suffered a muscular contusion 
progress faster than those who have suffered a 
distension or partial muscle tear. In the case of a 
mild muscular contusion, the recovery time does 
not exceed 7 days, while a moderate contusion 
should last approximately 15 days, and a serious 
contusion 3-4 weeks. Obviously, this chronology 
of recovery will depend on the extent of the 
injury, the rapidness of the intervention by the 
physiotherapist and respect for the biological 
repair/regeneration processes of the muscle 
tissue. Under musculoskeletal ultrasound, it is 
possible to guarantee that healing is complete 
when a decreased size and echogenicity of the 
haematoma are observed, with increased echo- 
genicity and size of the borders of the rupture 
(figure 14.4). Immediate treatment of muscular 
contusions and distensions is of utmost impor- 
tance as this helps to limit the haematoma and, 
therefore, favours an earlier return to sports. 


14.1.3.2 Muscle injuries with an 
intrinsic cause 


Within muscle injuries with no apparent involve- 
ment of the structure and no alteration under 
ultrasound, we can include muscle cramps, con- 
tractures and delayed-onset muscle soreness. In 
this section we will only describe the structural 
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FIGURE 14.4 =» Panoramic ultrasound image displaying 
a longitudinal section of a complete rupture of the 
myotendinous junction of the rectus femoris muscle. 
The echogenicity of the borders of the tear, the 
decrease in the haematoma and the re-establishment 
of the muscle architecture are ultrasound signs of 
healing. 


muscle injuries presenting with ultrasound alter- 
ation, as these are considered more important 
from an anatomopathological and clinical point 
of view. These are muscle elongation, partial 
tears or muscle distension and total ruptures. 

Muscle elongation occurs as a consequence of 
an excessive stretch of the muscle fibres without 
causing a rupture. The patient complains of 
acute pain and functional impairment and there 
is no haematoma (or bruising), ecchymosis or 
tumefaction, but there 1s pain under palpation. 

Distensions or ruptures of muscle fibres 
occur more frequently in biarticular muscles 
(quadriceps, hamstring and calf muscles) as a 
consequence of a momentary neuromuscular 
incoordination.'* The most frequent distensions 
are not complete ruptures but partial ruptures of 
the muscle tissue (mainly in the myotendinous 
junction). 

The clinical classification of muscle injuries 
depends on the intramuscular or intermuscular 
nature of the haematoma or the seriousness of 
the injury’®: 

¢ Grade I: a few fibres are torn, although the 

aponeurosis is intact. If there is an intra- 
muscular haematoma, it is usually smaller 
than 1 cm. 

¢ Grade II: a moderate number of fibres are 

torn, whereas the aponeurosis is intact, 
although a localized haematoma 1s appar- 
ent. The fibrillar rupture is less than a third 
of the muscle surface, the accompanying 
haematoma is less than 3 cm and occasion- 
ally, a small interfascial haematoma may be 
present. 


¢ Grade III: many muscle fibres are torn with 
a partial rupture of the aponeurosis. The 
fibre rupture affects more than a third of 
the muscle surface and the haematoma is 
greater than 3 cm. T his 1s always accompa- 
nied by a large interfascial haematoma. 

¢ Grade IV: this corresponds with total 

muscle rupture. The muscle appears 
retracted and hyperechogenic and 1s accom- 
panied by a large haematoma. On ultra- 
sound it is typical to see the image of a ‘bell 
clapper’, which is a lack of continuity with 
the retractile fibres within the haematic 
cavity. 
Regeneration of the contractile elements begins 
with activation of the satellite cells. In adults, 
these cells are inactive and are located between 
the basal lamina and the sarcolemma of the 
muscle fibre, and a greater quantity of satellite 
cells are found in type I muscle fibres. When the 
basal lamina ruptures after an injury, the mitotic 
capacity of these cells is activated. When an 
injury occurs, the affected muscle fibres retract, 
forming a gap between the broken ends, which 
leads to hypertrophy of the sarcomeres in order 
to avoid the approach of inflammatory cells in 
the healthy muscle fibres. The trauma causes 
rupture of the blood vessels and the space that 
remains in between the muscle fibres is filled 
with blood. T his is when cytokines are liberated; 
this attracts leukocytes and macrophages to the 
site of the injury. During these first days the 
macrophages phagocytose the necrosed muscle 
tissue, which is found in the space between the 
proximal and distal ends of the torn muscle 
fibres. It has also been noted that the macro- 
phages liberate growth factors, which favour the 
proliferation of satellite cells. The quantities of 
leukocytes and macrophages decrease consider- 
ably between the fifth and seventh day after the 
lesion. Elimination of the necrosed cellular 
debris marks the beginning of regeneration due 
to the fact that satellite cells are activated and 
transformed into myoblasts.’ 

In a matter of days after the injury, the myob- 
lasts fuse among themselves in order to form a 
myotube, which itself fuses among others to 
form anew muscle fibre (fast or slow). Coincid- 
ing with muscular regeneration, the haematoma 
is gradually substituted by fibroblasts and com- 
ponents of the extracellular matrix, restoring the 
integrity of the connective tissue. These two 
repair processes support one another, although 
they also compete with each other. Maturation 
ofthe myotubes to myofibres takes place approx- 
imately 14 days postlesion. A few hours after the 
trauma, the presence of fibronectin is found at 
the site of the injury, and this substance attaches 
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to the fibrin, forming the shell on to which the 
fibroblasts will attach. The fibroblasts synthesize 
type I and type III collagen and, as the repair 
process advances, type I collagen starts becom- 
ing more predominant, reaching its maximal 
critical point 3 weeks later.'’ 

During the first week, the site of the injury is 
the weakest point during passive stretches. After 
the first week, the tendency to rupture is dis- 
placed towards the proximal aspect of the injury. 
For this reason, it 1s necessary to provide a rest 
period immediately after the injury as this will 
favour a decrease in the quantity and density of 
the scar tissue and the regenerating myofibrils 
will be able to cross the tissue with greater ease.'* 


14.1.4 Muscle regeneration 
via EPI® 


Over recent years the number of muscle injuries 
in sports players has increased due to a range of 
factors, such as the increase in number of com- 
petitions, overtraining, lack of adequate recovery 
periods and influence of environmental factors. 
The development of novel therapeutic methods 
for the treatment of these injuries must be based 
on the study of the muscle’s biological and bio- 
mechanical basis. To this end, EPI® has proved 
to be very effective in the regeneration of muscle 
injuries.'” 

Since 1982, there have been no methodologi- 
cally sound studies on the influence of bioelectri- 
cal currents in the regeneration of non-neural 
tissues. Owoeye et al.*’ published the first work 
on this matter, in which the authors applied an 
electric current directly over the tendon with the 
hope of promoting healing. It was found that the 
tendons treated with anodal currents were 
mechanically stronger than those that were left 
to heal without any stimulation. Furthermore, 
the absence of stimulation produced stronger 
tendons than those treated with the cathode. 

Although the first studies were performed on 
nerves, it was subsequently discovered that other 
tissues, such as muscles, tendons and ligaments, 
had endogenous currents when faced with injury. 
It has been observed that the electric current 
induced in the tissue has a direct effect on the 
cell membrane, modifying the flow of cations 
and favouring the opening of the transmem- 
brane channels, becoming voltage-dependent on 
the cell. This creates a change in the concentra- 
tion of cations within the cell, facilitating the 
proliferation of myoblasts and, therefore, the 
formation of muscle fibre.”’ 

Considering the role of monocytes, macro- 
phages, fibroblasts and myoblasts and the multi- 
tude of cells that mediate the regeneration/ 


repair process, and, likewise considering the 
importance of optimal ionic strength, tempera- 
ture and pH, the question to ask is: how do 
the electric fields and the modulated currents 
applied directly upon the muscle tissue facilitate 
the process of regeneration? It is known that 
the application of electric fields directly to the 
muscle does not necessarily produce an increase 
in proliferation of myoblasts, but it does produce 
an elevated synthesis of muscle fibre, via modu- 
lation of the cyclic adenosine monophosphate 
(CAMP) of the internal cell membrane. The 
modulation of cAMP metabolism increases the 
synthesis of myotubes and DNA, increasing 
the concentration of intracellular Ca’* and, 
therefore, raising the insulin level. 

Litke and Dahners” observed that the direct 
application of electric current to the muscle at 
an intensity of 1-20 wA caused a faster recovery 
and a significant improvement with regard to 
muscle strength and resistance (higher doses 
produced tissue damage). Becker*’ conducted 
studies based on the assumption that within 
living beings there is a continuous electric 
current responsible for the correct function of 
the tissues. When a lesion occurs, this electrical 
balance is altered and, in the words of the author, 
a so-called ‘lesional current’ appears which is 
responsible for initiation of the healing process. 

Sanchez-Ibafiez et al.’” carried out an original 
study in which they proved that the use of EPI® 
provokes a reduction in fibrosis and calcification 
nuclei and extension of the secondary lesion due 
to hypoxia (see chapter 12). These data correlate 
with the clinical results in humans.”* Also, these 
results indicate the need to initiate treatment 
with EPI® as soon as possible after injury, thus 
enabling better control over the reabsorption of 
the haematoma and improvement in the tissue 
homeostasis which is necessary for correct 
regeneration (video 14.1). 

EPI® acts in a direct manner, impacting upon 
the following physiopathological processes: 

¢ At the time of the muscle tear, a modifica- 

tion in pH occurs as well as a modification 
in oxygen tension, which has the effect 
of inhibiting bioelectric regeneration 
mechanisms. 

¢ The predominance of the inhibitory bioe- 

lectric potentials favours the permanence 
of the fibrin clot located at the ends of the 
muscle tear. 

¢ The chronological extension of this clot 

will alter the regeneration mechanisms 
to favour fibroblasts. This produces an 
increase in connective tissue with regard to 
muscle tissue. Stimulation of the myoblasts 
close to the membrane will allow activation 
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ofthe transmembrane integrins and second 
messengers that stimulate the transcription 
of DNA from the nucleus. The result is a 
larger proliferation of myotubes and ele- 
ments from the ground substance and 


muscle. 
¢ The early haematoma reduction, intra- or 
intermuscular, favours optimal muscle 


regeneration, avoiding an excess of fibrin 
and the formation of connective tissue 
which would increase adherences, fibrosis 
and muscle rigidity. 
The mechanisms for which muscle regeneration 
is activated via the direct action of EPI® are 
exempt from many of the inconveniences of the 
current conservative treatments. The risk of fi- 
brosis and adherences is decreased and the im- 
proved resistance and muscle strength achieved 
allow for rapid return to competitive sports.” 


14.2 EPI® IN THE MUSCLE TISSUE 


Ultrasound analysis of the muscle enables iden- 
tification of the affected tissue, which is com- 
monly associated with any of the following signs: 
focal anechoic-hypoechoic areas, breakdown of 
muscle echotexture, lack of continuity of muscle 
tissue or hypervascularized areas, changes in the 
elasticity pattern via sonoelastographic analysis 
and the presence of myofascial trigger points 
(MTrPs). Despite the ample lesion area, the 
EPI® technique is minimally invasive, making 
use of the fluid’s dynamic movement for its 
hydrolysation (figure 14.5). 

Once the different intervention areas are 
determined, the liquefaction of the tissue 1s veri- 
fied when the gas density occupies the total 
intervention area. An important consideration 
for the safety of EPI® is the possibility of directly 


visualizing the needle via ultrasound guidance. 
The well-delimited hyperechogenic image gen- 
erated during EPI® is a consequence of the 
density of hydrogen gas produced by the elec- 
trochemical reaction of cathodic flow. 

On the other hand, it is important to high- 
light that the muscle is regenerated in electron- 
egative regions and reabsorbed in electropositive 
regions. The potentials thus generated are 
derived from the piezoelectric properties of the 
effects of the collagen matrix and electrokinetics. 
T his property is known as current potential. T he 
electric fields are also generated in the injury 
sites, soft tissues and bone (injury induced by 
potentials) and in the areas of active muscle for- 
mation. It is possible that the faradic products of 
the electrochemical reaction produced by the 
cathode increase the expression of growth 
factors. Likewise, it has been noted that prostag- 
landins, which are known to stimulate muscle 
formation, are implicated in the pH increases of 
the cytoplasm of the myoblastic cells. 

The electrochemical reaction that occurs in 
the cathode may also contribute to the mecha- 
nism ofaction of EPI® stimulation. It is observed 
that the decrease in oxygen concentration 1s 
essential in order to improve myoblastic activity, 
whereas the increase in pH increases the fibrob- 
lastic activity. Also, hydrogen peroxide stimu- 
lates macrophages in order to liberate vascular 
endothelial growth factor, which is an essential 
angiogenic factor for muscle regeneration.” 


14.2.1 Target tissue 


In acute injuries of the skeletal muscle, the most 
affected areas are frequently the myotendinous, 
myoconnective or myoaponeurotic junctions. In 
chronic injuries, the most common complica- 
tions are due to fibrotic scar tissue. 





FIGURE 14.5 = Ultrasound-guided EPI® treatment of a muscle injury. (Colour version of figure is available online). 
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Intratissue percutaneous electrolysis is dem- 
onstrated to be highly effective in the treatment 
of the myofascial pain syndrome via the treat- 
ment of MTrPs, with the advantage of eliciting 
a high number of local twitch responses with 


a minimal number of punctures (video 14.2). 


Activation of the local twitch response is deci- 
sive, not only for the diagnosis of MTrPs, but 
also for their treatment, producing bimolecular 
modifications and re-establishing homeostasis 
of the muscle tissue. On the other hand, the 
postpuncture pain is less than with traditional 
dry needling, and the regenerative effects are 


superior.*° 


14.2.2 Application of the technique 


It is important to note that EPI® is always 
applied under ultrasound guidance (figure 14.5) 
in order to avoid producing iatrogenic effects, 
such as nerve or vessel lesions. Furthermore, this 
favours an improved physiotherapy diagnosis of 
the various muscle injuries, especially if per- 
formed with Doppler and sonoelastography. 
Ultrasound assessment with colour Doppler 
enables study of the direction and speed of blood 
flow and the performance of a clinical classifica- 
tion, according to whether or not hypervascu- 
larization is detected. Only the flow rates can be 
registered. In this way, one can identify whether 
it is amuscle injury, as this is a significant indica- 
tor in the treatment and prognosis of muscle 
injuries. 

In the distension type of muscle injuries, 
decreased echogenicity is observed; this appears 
as a hypoechoic image and the muscle, rather 
than appearing homogeneous, is seen as a het- 
erogeneous image. 

Once the different intervention areas have 
been determined, liquefaction of the fibrous scar 
tissue is considered to be achieved when the 
needle does not find viscoelastic resistance in the 
intrafibrotic region where electrolytic ablation 
has been performed. 

The maximal peak in inflammatory response 
induced by EPI® in muscular injuries occurs on 
the fifth day postintervention. Also, it is safe to 
say that at 15 days postintervention there will no 
longer be signs of inflammatory cellular infiltra- 
tion in the intervention area. 

The EPI® technique, when applied to 
muscular injuries, employs current widths of 
0.2-6 mA and time intervals of 3-4 seconds, 
applied at different points within the area of 
affected muscle. After each EPI® intervention it 
is essential to educate the patient to keep within 
an optimal range of functional loading in order 
to avoid any sports activity that involves pain. 


KEY POINTS 


Ultrasound-guided EPI® is a novel, effective 
and safe technique that promotes an inhibition 
of the fibrotic response due to its direct action 
upon control of the expression of interkeukin-1, 
which activates the corresponding muscle regen- 
eration mechanisms. 


14.2.3 Postintervention care for EPI® 


Immediately after intervention with EPI®, the 
patient is advised not to apply cryotherapy due 
to the possibility of negatively influencing the 
inflammatory response induced by EPI®.’’ In 
the case of the needle accidentally puncturing a 
capillary, digital haemostatic pressure is advised, 
without gliding or massaging (see chapter 1). To 
finish off, the intervention area is cleaned with 
povidone-iodine and patients are controlled and 
supervised during the 10—20 minutes after inter- 
vention to prevent any vagal reaction. 

On their first visit, all patients should be 
informed that the EPI® procedure activates an 
acute inflammatory response postintervention, 
that usually causes pain lasting for up to 48 hours 
and that, for this purpose, and always under 
medical prescription, they may choose to take 
some type of analgesia. In this case, the caveat is 
that the analgesic of choice must not produce 
great anti-inflammatory effects. This makes 
drugs such as paracetamol preferable as, although 
non-steroidal anti-inflammatory drugs are not 
contraindicated in application of the technique, 
they may alter the muscle tissue properties and 
inhibit the inflammatory response.”* 

McConnell-type taping is recommended for 
all patients for at least 48 hours postprocedure, 
corresponding with the acute phase of the 
inflammatory response induced by EPI®. The 
objective is to avoid ischaemia within the muscle 
that may negatively affect the healing mecha- 
nisms. It is also important to inform patients that 
they may carry out physical activity as long as no 
pain is elicited in the muscle; in other words, 
they must stay within the functional range or the 
homeostasis described by Dye.”’ 

All patients are provided with a telephone 
number so that they can consult with any ques- 
tions that may arise. 


KEY POINTS 


After treatment with EPI® on the muscle tissue, 
it is important to avoid situations of muscle 
ischaemia that could negatively affect the healing 
mechanisms. 
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There are studies in both animals and humans 
that confirm that musculoskeletal ultrasound 
is a valid tool for observing changes in muscle 
injuries during the process of regeneration, 
based on ultrasound criteria such as the degree 
of echogenicity or echotexture or the localiza- 
tion and behaviour of vascularization using 
Doppler.**”° 

During the first visit, it is important to 
perform a correct physiotherapy diagnosis, 
including a correct assessment and clinical 
examination of the injured muscle. After the 
clinical examination, assessment with ultrasound 
will enable identification of ultrasound signs 
of muscle injury, such as the presence of 
intramuscular haematoma, loss of ultrasound 
homogeneity, increase in muscle volume, hyper- 
vascularization and calcifications. 

These ultrasound signs, which are character- 
istic of muscle injuries due to tears or contusion, 
are important considerations in order to explain 
these complications. On the other hand, the 
hypoechoic or anechoic image usually appears 
after the fifth day of the injury, generally associ- 
ated with the finding of anechoic areas and, if 
functionality has worsened, hypervascularization 
is present (figure 14.6). 

In this sense, ultrasound constitutes an excep- 
tional tool for the physiotherapist, as it enables 
analysis of muscle deficiencies. Likewise, it 
enables dynamic assessments when combined 
with the performance of joint movements and 
active muscle contraction. Perhaps what is most 
noteworthy is that it allows for treatment of the 
EPI® technique under ultrasound guidance, 
ensuring the intervention is exactly on the 
injury site. 


In patients who are administered with EPI® 
under ultrasound guidance, the injury site 1s 
determined by measuring square grid lines in a 
transverse section. On inspection of the grid 
squares, not all the muscles have the same degree 
of lesion in their transverse section and it is 
observed that the destruction of muscle tissue 1s 
not homogeneous. T here are regions with a sig- 
nificant degree of injury and other, less affected 
areas. Therefore, via the grid technique (figure 
14.7), only the regions presenting more signifi- 
cant ultrasound lesion signs (as described previ- 
ously) are selected as EPI® intervention regions. 

On the other hand, the physiotherapist can 
use anisotropy (see chapter 5) to visualize the 
magnitude of the electromagnetic field provoked 
by EPI® (figure 14.8), and thus the intervention 
area that is exposed to the therapeutic effects of 





FIGURE 14.6 = Longitudinal ultrasound section of a 
complete tear of the myotendinous junction of the 
rectus femoris muscle. A hypoechoic image is 
observed which corresponds to the intramuscular 
haematoma. 





FIGURE 14.7 


Transverse ultrasound section ofa tear of the biceps femoris muscle. Application of the grid tech- 


nique in order to select the field of intervention using the EPI® technique. 
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FIGURE 14.8 =» Use of the anisotropy effect for visualization of the EPI® technique’s electric field in the soft tissue. 
(A) Placement of the ultrasound transducer more obliquely to the perpendicular axis in the direction of the fibres 
in order to provoke the anisotropy effect. (B) The hyperechoic points correspond to the effect of EPI® on the 
needle tip (0.9 mm) and the electromagnetic field produced by EPI® is visible (the more hypoechoic area of 
19.2 mm), increasing its effects on the neighbouring tissue. (Colour version of figure is available online). 


EPI® can be calculated. The hyperechoic points 
represent the electrochemical ablation area of 
the needle tip, although the electric field created 
by the EPI® technique also acts in the area 
peripheral to the intervention. The width of the 
electromagnetic field widens in the intervening 
area, and therefore the adjacent tissue is also 
subject to the effects of EPI®, thus avoiding 
a secondary hypoxic lesion due to inhibition in 
the expression of interleukin-1 and hypoxia- 
inducible factor-1.'” 

A 7-day interval is commonly used between 
EPI® sessions in order not to interfere with the 
complete cycle of inflammatory response caused 
by EPI®, which is estimated to last approxi- 
mately 14 days. The grid squares that are treated 
do not always coincide in each session, in order 
to avoid repeating the treatment in the exact 
same degenerated foci. 


14.3.1 Sonoelastography of muscle 
injuries 
Muscle fascicle and its perimysium can be identi- 
fied under ultrasound, whereas the myofila- 
ments, basement membrane and muscle fibres 
are unidentifiable with this technique. Regard- 
ing the echogenicity of the different muscular 
elements, the muscle strands present a hypoe- 
choic image, the subcutaneous tissue 1s isoechoic 
and the perimysium or fibroadipose septum, the 
epimysium, the fascia, the intermuscular planes 
and tendons all appear as hyperechoic images. 

The indications for ultrasound in muscular 
injuries are based on: 

¢ detection of alterations in muscle structure 

¢ assessment of the magnitude of these struc- 

tural changes 


¢ assessment of the healing process 

¢ use of haematoma aspiration when this is 

indicated 

¢ intervention with ultrasound guidance 

using the EPI® technique. 
As previously noted, conventional ultrasound 
(B-mode) is able to display and detect significant 
changes in muscle structures. Changes in 
echostructure can be revealed, pertaining to 
both the muscle fascicles as well as to the con- 
nective component. 

The new technological advances in muscu- 
loskeletal ultrasound have enabled incorporation 
of techniques such as sonoelastography which 
uses compression of the soft tissues to produce 
displacement within the tissue. Tissues that are 
more rigid provoke less displacement than those 
that are softer (see chapter 6).°'°? The quality 
unique to sonoelastography is that it allows for 
detection of different degrees of rigidity within 
a biological tissue such as the muscle. T his pro- 
vides the physiotherapist with a great tool to 
establish physiotherapy diagnostic criteria (de- 
grees of change in the muscle structure), control 
the evolution of the healing and detect different 
areas that are vulnerable to relapse (figure 14.9). 

A fundamental aspect observed in clinical 
practice is that, while performing EPI® in the 
soft tissue, and examining its effect in real time 
with sonoelastography, an increase in tissue 
rigidity occurs. This is explained by the action 
ofthe extracellular adhesion proteins, thus facili- 
tating the interconnection between the cell and 
the matrix and optimizing the space for intercel- 
lular diffusion necessary for tissue regeneration. 
T his effect can be explained via activation of the 
expression of the stress proteins. The stimula- 
tion of stress proteins is elevated by endogenous 
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FIGURE 14.9 





Sonoelastography of an injury to the myotendinous junction of the biceps femoris muscle. Quan- 


titative data and spectral colour analysis. (Colour version of figure is available online). 


agents, such as the electrochemical action of 
EPI®. The typical function of a chaperone 
(stress protein) is to assist in newly formed chains 
of polypeptides in order for them to reach their 
functional conformation as a new protein and 
subsequently aid that protein to reach the site of 
the cell where it will act. This biological phe- 
nomenon is a result of the stimulus produced by 
EPI® for the cells, the result of the adaptive 
response on the mechanisms of maintenance, 
repair and regeneration in order to maintain 
haemodynamics in a situation of small magni- 
tude and stress.” 


A large spectrum of distensions or muscular tears 
exists, of variable severity (mild, moderate and 
serious), aS they can range from a small contu- 
sion to total rupture. The exam and continued 
evaluation via ultrasound are very useful in order 
to appreciate the evolution ofthe healing process. 
It can also influence the active physiotherapy 
protocol in establishing the most suitable course 
of treatment according to the evolution of the 
injury. The ultrasound signs of muscle healing 
are as follows (table 14.3): 
¢ decreased size of the haematoma followed 
by complete resolution 
e increased echogenicity along the margins 
of the tear 


TABLE 14.3 Ultrasound characteristics 


of muscle healing 


Normal healing Abnormal healing 


Formation of scar 
tissue with variable 
presentation: linear, 
nodular or star-like 

Hyperechoic scar tissue 
(linear, nodular or 
star-like) 

Muscular cyst which 
manifests as a small 
anechoic structure 
and which may 
contain septa 


Decreased size and 
echogenicity of the 
haematoma 


Increased echogenicity 
of the tear margins 


Increased width of 
margins 


Return to normal 
muscle architecture 


¢ increased width of the margins 

¢ reorganization of the muscular architecture 

e return to normality in the muscular 
architecture. 

Two frequent complications in the healing 
process of the muscle are: 

1. the formation of scar tissue, which can 
present various appearances (nodular, 
linear or star-like) 

2. muscular cyst, which manifests as a small 
anechoic structure that can contain septa. 

The accumulation of intramuscular liquid 1s 
easily detected with ultrasound. The intra- 
muscular accumulations are generally round, 
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whereas the intermuscular ones are fusiform. 
Their content can be: 
¢ anechoic 
¢ hypoechoic, with posterior non-significant 
shadow 
¢ echoic, due to the presence of debris that 
moves freely within the liquid 
¢ a liquid—liquid level, with debris piled up 
on the most dependent part. 
When the injury compromises the epimysium, 
the accumulation is also visible from the inter- 
muscular space as an anechoic structure. In the 
same way, it is important to remember that 
the echogenicity of the haematoma depends on 
the duration of its instauration. 


14.4 THE APPLICATION OF EPI® IN 
DIFFERENT MUSCLE INJ URIES 


The actions of EPI® in muscle tissue can be 
summarized as follows: 
¢ In myoconnective injuries, it enables the 
thickening of collagen by the action of 
thermal shock via the chaperones (heat 
shock protein 47). 
¢ It decreases intramuscular pressure via 
evaporation and, therefore, the ectopic 
nociceptive depolarization. 
¢ It balances the relation between metallo- 
proteinases and their inhibitors. 
¢ It acts upon inhibition of the proinflamma- 
tory cytokines (tumour necrosis factor- 
alpha, interleukin-1) as a consequence of an 
increase in PO, and regulation of pH. 
¢ It reduces kinetic hyperactivity and overex- 
pression of the proinflammatory macro- 
phages and optimizes expression of the 
anti-inflammatory macrophages, thus 
allowing for a correct control of the scar. 
¢ It favours liquefaction of fibrotic and 
mature muscle tissue, permitting reinitia- 
tion of the remodelling process. 
Specialists in sports injuries are aware that there 
are mainly four muscle groups that are most 
vulnerable to muscle injury (which some authors 
call the ‘top 10’ muscle injuries in sports players). 
These muscles are the quadriceps (mainly the 
rectus femoris muscle), the hamstrings (mainly 
the biceps femoris muscle), gastrocnemius and 
adductor muscles. 


14.4.1 Rectus femoris 
muscle injuries 
Acute injuries (due to tears of the quadriceps 


muscle) occur most frequently in competitive 
sports such as football, rugby, hockey and 


TABLE 14.4 Classification of quadriceps 
muscle injury due to strain 





or tear 

Grade Pain Strength Physical exam 

1 Mild Minimal Non-palpable 
loss of muscle defect 
strength 

2 Moderate Moderate Small palpable 
loss of muscle detect 
strength 

3 Severe Complete Clearly palpable 
loss of muscle defect 
strength 


athletics. These sports require regular eccentric- 
type muscle activation to control both knee 
flexion and hip extension. If these strength 
vectors of the eccentric action go over the 
resistance threshold of the fibres of the myo- 
tendinous junction, a tear injury occurs, mainly 
in the rectus femoris muscle. On the other hand, 
a maximal or excessive passive stretch or activa- 
tion of the muscle may cause a muscle strain.” 

Various factors predispose the rectus femoris 
muscle to sustaining a strain injury: 

¢ polyarticular muscles 

¢ muscles with a high percentage of type II 

fibres 

¢ muscles with a complex architecture of the 

myotendinous junction 

¢ muscular fatigue (especially in relation to 

acute lesions). 
Various classifications for quadriceps injuries 
have been proposed. Perhaps the most widely 
used is the one that incorporates assessments of 
pain, the quality of strength and a physical exam- 
ination (table 14.4).* 

Treatment with EPI® in the acute phase has 
been demonstrated to produce great control 
and optimization of matrix regulation due to 
inhibition of interleukin-1 and increase in ang- 
logenesis, mainly due to overexpression of the 
type 2 receptors of vascular endothelial growth 
factor. These recent data are highly significant 
and novel, representing a great advance in mus- 
cular regeneration.”’ In figure 14.10 a complete 
rupture of the myotendinous junction of the 
rectus femoris muscle is observed; EPI® is being 
applied with ultrasound guidance over the intra- 
muscular haematoma. 


14.4.2 Vastus intermedius 
muscle contusions 


The aetiology of this type of injury is contu- 
sion of the vastus lateralis, which reaches the 
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FIGURE 14.10 =» Regeneration process of 
the rectus femoris muscle based on 
treatment using EPI®. (A) Total tear of 
the myotendinous junction (MTJ) distal 
to the rectus femoris muscle. (B) EPI® 
ultrasound-guided treatment. (C) Gas 
density (hyperechoic line) at the level of 
the intramuscular haematoma. (D) Day 
of discharge: an optimal repair of the 
rectus femoris MTJ is observed. (Colour 
version of figure is available online). 


FIGURE 14.11 Intramuscular hae- 
matoma due to contusion of the 
vastus intermedius quadriceps 
muscle. The ultrasound image on 
the right displays reabsorption 
of the haematic effusion due to 
EPI®. f, femur; vi, haematoma in 
vastus intermedius muscle; vl, 
vastus lateralis muscle. 


juxtaosseous muscle region in a manner that 
produces a breakdown of the muscle fibres of 
the vastus intermedius and a vascular injury. 

If there is no injury of the intermuscular 
aponeurosis, the haematoma remains confined 
to the intramuscular level, as seen in figure 
14.11. In this figure the depth of the injury is 
found at around 4 cm. In order to improve the 
effectiveness of EPI®, the transducer is focused 
exactly on the region of maximal haematic 
volume. Immediately after the EPI® procedure, 
an elastic compressive tape is applied on the 
muscle. 








The injury of the hamstring muscles represents 
30-37% of all muscle injuries. Up to 57-60% of 
all hamstring injuries occur during pre-season 
due to the higher intensity of the training ses- 
sions.'° The greatest incidence is in sports such 
as football and athletics, with 34% relapses, 
which makes this the muscle injury that produces 
the most relapses. Most relapses occur 2 weeks 
after return to competitive sports.*° Orchard and 
Seward*’ observed that injuries of the hamstrings 
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represent 15% of all injuries occurring in Aus- 
tralian football players during a whole season, 
with a high recurrence rate of 34%. The accu- 
mulative risk of relapse during the whole season 
was 30.6%. 

In recent years, many football clubs have suf- 
fered a period of injuries related to the biceps 
femoris. Furthermore, there is a series of predis- 
posing factors (innate in the sportsperson) that, 
when associated with some determining factors 
(environmental) and in a situation of physical 
activity of risk, favour the appearance of this type 
of muscle injury. N ote that a footballer has 1000 
times more risk of suffering an injury than 
someone carrying out a more dangerous profes- 
sion, such as a miner. Furthermore, it is known 
that prior injuries in the vertebral spine and prior 
injuries in this muscle group are considered to 
be significant risk factors. 

A series of clinically essential variables have 
been identified in relation to the injury of this 
muscle group in sportspeople. The biceps 
femoris mainly acts in eccentric contraction 
in order to decelerate the tibia in its anterior 
displacement. The mechanism via which it 
ruptures (figure 14.12) is not conditioned by a 
direct trauma, but rather it is a consequence of 
a sudden stretch that occurs while the muscle is 
in eccentric contraction, during which the leg is 
positioned in hip flexion and the knee in eccen- 
tric extension. In other words, an ‘interruption 
of the neuromuscular control’ of the biceps 
femoris muscle will cause the appearance of the 
injury. 

Factors associated with an increased risk of 
injury to the biceps femoris muscle include: 

¢ anatomy of the hamstring muscles and 

insertion areas 

¢ poor lumbopelvic control 

¢ muscle fatigue 

¢ inadequate warm-up 

¢ optimal position or range ofthe hamstrings’ 

peak torque 

¢ critical deficit of the hamstrings. Deficit in 

strength is the most important risk factor 
and there is a relation between the muscle 
injury and the strength deficit attributed to 
inadequate recovery 

¢ alteration of the hamstrings/quadriceps 

ratio. A hamstrings/quadriceps ratio of less 
than 0.6 and an asymmetry of the flexors of 
5% are considered to be risk factors for the 
appearance of an injury in the biceps 
femoris muscle. 
It 1s important to verify, assess, control and 
modify, if necessary, an anomaly and alteration 
of the factors mentioned above. A series of con- 
trols should be performed throughout the season 


in order to reduce the risk of injury significantly. 
The most important aspect is the recurrence 
factor, as recurrent injury is known to involve a 
longer absence period and recovery. 

Injury of the hamstrings commonly implies a 
prolonged absence from competition due to the 
slow healing process. The musculotendinous 
junctions of the hamstring muscles extend along 
most of the muscle length and therefore it 1s 
difficult to differentiate between injuries of the 
muscle belly and the musculotendinous junction 
based on clinical assessment. Injuries that affect 
the myotendinous and osteotendinous junctions 
require more recovery time than those that 
affect muscle tissue (Garret 1984).*” They also 
entail a greater risk of compromising the sciatic 
nerve. 

With regard to treatment of biceps femoris 
muscle injury, the first factor worth mentioning 
is that there 1s little consensus regarding which 
is the most effective treatment. Correction of the 
critical deficit parameters of the hamstrings and 
the hamstrings/quadriceps ratio by increasing 
muscle strength decreases the rate of hamstring 
injuries from 7.6% to 1% and the rate of recur- 
rence from 31.7% to 0% in footballers.” 

On the other hand, repetitive microfibrosis is 
one of the main causes in both the appearance 
of the biceps femoris injury, as well as its relapse. 
Football is a sport that continuously implicates 
this muscle group, and the repetitive eccentric 
action to which the biceps femoris muscle is 
exposed causes a series of ultrastructural micro- 
lesions that trigger inflammatory responses and 
often induce poor-quality repair processes. The 
deficit in recovery time with a stable hypoxia- 
inducible factor-$ favours the appearance of 
fibrosis in the myotendinous junctions. If these 
critical fibrosis regions are not released, the risk 
of injury is very high.” 

According to both scientific and clinical evi- 
dence, EPI® is the therapy of choice in muscle 
injuries. A great infiltration of inflammatory cells 
is observed 48 hours after the application of 
EPI®, together with an increase in cytokines, 
membrane receptors and growth factors neces- 
sary for the regeneration of muscle tissue.'’ The 
activation of these membrane receptors, when 
they form a ligand with growth factors, causes 
hyperactivity of the P13-kinase, with a conse- 
quent increase in proliferation, migration and 
cellular metabolism.”’? EPI® is able to stimulate 
poor-quality fibrous tissue in order to achieve a 
connective tissue of greater elastic resistance and 
viscoelasticity (figure 14.13). Currently, it is pos- 
sible to affirm that EPI® not only guarantees 
greater recovery but is also a preventive tech- 
nique in muscular lesions. 
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FIGURE 14.12 


Grade Ill tear of the biceps femoris muscle. The ultrasound image displays a haematic intramus- 


cular fluid collection due to a tear ofthe distal biceps femoris muscle. (Colour version of figure is available online). 


Together with EPI®, patients need a planned 
programme of eccentric training to perform each 
time they come to the consultation (twice a week) 
and before starting intervention with EPI®. 
Eccentric exercises are performed after 
warm-up of the agonistic and antagonistic 
muscles with a stationary bicycle and associated 


with analytical stretches in active tension (iso- 
metric contraction for 6 seconds and progressive 
relaxation for 12 seconds) of the quadriceps and 
hamstring muscles. 

The scientific literature offers several differ- 
ent protocols for the performance of eccentric 
exercise in the treatment of muscle injuries.°*°*! 
It is considered that the eccentric exercises pro- 
posed by some authors, based on the perform- 
ance of a series of 15 repetitions, twice daily, 
for 7 days a week,’**’ which are also those that 
are used most in tendinopathy, may negatively 


330 PART VI PERCUTANEOUS NEEDLE ELECTROLYSIS (PNE) 


4.0 


gejleom—m-+- tale) amarillo = sano 





FIGURE 14.13 = Treatment of a biceps femoris muscle tear injury using EPI®. (A) Ultrasound-guided EPI®. 
(B) Taping for relaxation of the muscle tissue treated with EPI®. (C) and (D) Assessment and sonoelastographic 
control of the regeneration of the biceps femoris muscle treated with EPI®. (Colour version of figure is available 
online). 


interfere with the acute inflammatory response ¢ The eccentric exercises are set as a protocol 
produced by EPI®, which is a response that is following the optimal criteria of functional 
important to respect in order to avoid any failure load (table 14.5). 
in the healing response. For this reason, a per- ¢ Eccentric work is recommended to be per- 
sonal protocol is selected based on the biome- formed in closed kinetic chain rather than 
chanical and biological criteria of each muscle open kinetic chain for two fundamental 
group. reasons: firstly, due to the fact that it is an 
T he individual protocol that is proposed con- exercise that bears more similarity with the 
sists of the performance of eccentric exercises functional use of the joint, and secondly, 
based on the following points: because closed kinetic chain work offers a 
¢ The tension in the injured muscle varies decreased ischaemic compression in the 
according to the joint range of the joint/s injury area,” which could negatively influ- 


in which it crosses.” ence treatment with EPI®. 
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¢ Eccentric overload training has been dem- 
onstrated to increase the level of strength 
and resistance of the muscle significantly, 
as well as the expression of cytokines and 
hormones related to the synthesis of muscle 
regeneration proteins.”° 


TABLE 14.5 Optimal range of functional 
loading in tear injuries of 
the rectus femoris muscle 


Range of Open kinetic Closed kinetic 
movement chain chain 
Waal" fects — 
30-60° — — 
60—90° — as 
90-120° 4p ++ 


—less ischaemic tension; ++ moderate tension; 
+++ greater ischaemic tension. 
Reproduced from Sanchez-lbafiez.”° 


¢ The biomechanics of the joint are consid- 


ered in order to avoid any iatrogenesis and 
greater tension strengths for both closed 
and open chain kinetics.** For this reason 
the optimal sector of load is respected, as 
shown in table 14.5. 

For the performance of eccentric exercises, 
there are commercially available devices 
designed by NASA, among which we 
can highlight the leg-press, yo-yo squat, 
leg curl, leg extension and multigym 
yo-yo’ based on isoinertial eccentric work 
(YoYo Technology, Stockholm, Sweden) 
(figure 14.14). 

All isoinertial devices have computerized 
programs, including dynamometry, elec- 
tronic goniometry, speed execution control 
and electromyography  (Muscle-Lab), 
which provide an objective control of 
improvement in muscle strength, neu- 
romuscular coordination and muscle speed 





FIGURE 14.14 = Isoinertial eccentric exercise protocol for injuries of the rectus femoris muscle. (A) Determine the 
optimal range of loading using a goniometer. (B) Concentric phase performed with both legs. (C) Eccentric 
phase of the affected leg. (D) Quadriceps muscle stretch. (Reproduced from Sanchez Ibafiez JM. Fisiopatologia de 
la regeneracion de los tejidos blandos. In: Vilar E, Sureda S. Fisioterapia del aparato locomotor. Madrid: McGraw Hill, 
2005). (Colour version of figure is available online). 
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FIGURE 14.15 = Eccentric overloading using an isoinertial device. Electromyographic control charts regarding 
the eccentric/concentric strength and comparison of results. (Reproduced from Sanchez Ibanez JM. Fisiopatologia 
de la regeneracion de los tejidos blandos. In: Vilar E, Sureda S. Fisioterapia del aparato locomotor. Madrid: McGraw Hill, 


2005). (Colour version of figure is available online). 


of both agonist as well as antagonist mus- 
cles (figure 14.15). 

e All the patients must be previously taught 
the correct performance of three series of 
10 repetitions, following the proposal of 
pioneer authors of these devices.***?*”** 

e After eccentric overload exercises, stretches 
of a moderate intensity involving the 
same muscle groups are performed, con- 
sisting of five stretches with 6-second cycles 
of isometric contraction and 12 seconds’ 
relaxation. 

Eccentric training combined with EPI® has 
been demonstrated to be highly effective in the 
process of remodelling and maturation of the 
muscle injury, mainly with isoinertial computer- 
ized systems, which provide an objective control 
of the mechanical and neuromuscular character- 
istics of the injured muscle. 


14.6 CUINICAL CASE 


14.6.1 The effect of EPI® in acute 
muscle ruptures: tennis leg injury~* 


The most frequent injuries suffered by profes- 
sional and amateur sports players are muscular 
injuries. These injuries, depending on their loca- 
tion, are especially important due to relapses; 
such is the case with muscle ruptures that affect 
the septum of the rectus anterior, the hamstrings 
and the medial gastrocnemius. In this last case, 
rupture of the distal portion of the medial gas- 
trocnemius is also known as ‘tennis leg’ injury, 
and this pathology is frequently associated with 
rupture of the soleus or the plantaris muscle. 

Reason for consultation: patient with a 
medical diagnosis of muscle rupture of the 
medial gastrocnemuus. 
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Hyperechoic image (chronic injury) 
hypoechoic area (new injury) 





Neovascularity 
Power Doppler Imaging 


FIGURE 14.16 = Ultrasound image of the myoaponeurotic septum between the soleus and the medial gastrocne- 
mius muscles. Power Doppler imaging. (Colour version of figure is available online). 


History of the problem: 34-year-old male, 
right-handed, professional sportsman, with a 
case of recurrent muscle rupture affecting the 
medial gastrocnemius of the left leg. Six weeks 
earlier, the player suffered from the first muscle 
tear which was treated conservatively until he 
was discharged and allowed to return to training 
and competition. Four days after discharge, the 
patient suffered a re-rupture affecting the same 
area after performing another lesional move- 
ment and was referred to the clinic. 

Diagnostic tests: the patient provides a nuclear 
magnetic resonance scan performed 24 hours 
after the appearance of the injury with the result 
of ‘partial fibrillar rupture of the soleus with 
persistence of oedema’. 

Physiotherapy diagnosis: at the first visit, the 
structure and function of the gastrocnemius and 
soleus muscles were analysed with musculoskel- 
etal ultrasound (figure 14.16) (portable ultra- 
sound device Logiq-E® by General Electric 
with a linear transducer 12L-RS [5-13 MHz]), 
showing signs compatible with poorly scarred 
tissue together with a flare-up of the process. 
Manual strength tests of the gastrocnemius and 
soleus evoked pain. There was selective pain on 
palpation of the muscle lesion area and a mild loss 
of continuity in the tissue (‘dent’ or ‘gap’ sign). 


(Clinical case continued on page 490) 
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15.1 INTRODUCTION 


This chapter is not intended to be a treaty on 
traditional Chinese medicine (TCM) but rather 
seeks to demonstrate to the therapist the neces- 
sary knowledge in order to integrate acupunc- 
ture within amore global approach. Acupuncture 
is an ideal complement to the rest of the tech- 
niques available, and offers the possibility of 
notably improving therapeutic effectiveness with 


highly satisfactory results for patients. 


Acupuncture is considered a complex type 
of medicine as it offers, on the one hand, an 
empirical-philosophical concept and, on the 
other, a scientif c concept with regard to its theo- 
ries and application. 

Throughout this chapter, we will try to inte- 
grate both these modalities or concepts (philo- 
sophical and scientifc) in order to develop a 
clinical model of acupuncture as applied to 
common patient pathologies within the feld of 
physiotherapy. 


15.2 FROM MILLENARY WISDOM 
TO SCIENTIFIC EVIDENCE 


Acupuncture is an invasive technique in which 
needles are inserted into determined points 
on the body with the goal of re-establishing 
the energetic balance of the meridians, improv- 
ing and/or recovering the patient’s state of 
health. It is considered to be one of the basic 
pillars of TCM together with moxibustion (bio- 
logical heat), herbal medicine, tui-na (manual 
therapy) and Qi-gong (exercises for cultivating 
energy). 

Through acupuncture, a therapeutic proce- 
dure is established which is able to prevent and 
treat different illnesses via stimulation with 
needles or via other means at precise, predeter- 
mined points. 

This is a thousand-year-old technique that 
was originally performed using instruments 
made of different materials (i.e. Bian stones) in 
order to stimulate these points or areas with the 
purpose of healing. Thereafter, other types of 
materials have been used, such as f shbone, bone 
or bamboo, until the frst metallic needles were 
produced. 

According to various sources, there are acu- 
puncture texts written more than 2000 years ago, 
while others support the theory that acupunc- 
ture dates back to around the third century BC 
(475-221 BC). There is also an ancient descrip- 
tive reference text that states the principles of 
TCM for the frst time with a diversity of data 
regarding the beginning of this millenary prac- 
tice. The classic text of reference is undoubtedly 
The Medical Classic of the Yellow Emperor, by 
Huang di Neijing Suwen' (which dates from 
500-300 years BC) and which describes conver- 
sations between the emperor and the doctors of 
the court. In this work the fundamental basis of 
acupuncture is described. T hereafter, during the 
ensuing Chinese dynasties, different evolution- 
ary phases took place which have enriched, 
developed and perfected this technique and 
whereby the various theories are gathered 
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together with a description of the meridians and 
different clinical experiences. At the end of the 
17th century, acupuncture methods arrived in 
Europe thanks to Jesuit missionaries, but it was 
during the 19th century that the French ambas- 
sador Souli¢é de Morant led its dissemination and 
consequent development in the West.’ 

During the last two decades, acupuncture 
has spread throughout the world, and has been 
both widely supported and perfected. In parti- 
cular, studies have taken place from a medical 
perspective and, using modern research tech- 
niques, have obtained highly relevant and sig- 
nif cant results. Not only has acupuncture been 
studied in various illnesses that affect people in 
different therapeutic f elds (e.g. the musculoskel- 
etal system, internal medicine, dermatology, 
gynaecology, otorhinolaringology, the respira- 
tory system), but also the acupuncture points 
have been subject to detailed study, together 
with the network of channels or meridians, for 
the purpose of clinical practice. 


15.3 MECHANISMS OF ACTION 


15.3.1 General concepts 


Acupuncture has always provided knowledge as 
an empirical therapy based on facts, observations 
and experiments, and has been perfected through- 
out history. The concepts of the taoist yin—vang 
philosophy are considered, and nomenclature 
forms are used that distinguish between pathol- 
ogy and pathogenesis, as well as the attack of the 
different pathogens and their impact on the 
body. Often, supernatural practices are inter- 
mingled with medicine. Acupuncture closely 
considers phenomena that usually go unnoticed 
in Western medicine, such as the influence of 
perverse climatic factors (e.g. wind, cold, heat, 
dryness, humidity), emotions, the seasons or 
conducting an anamnesis structured by body 
organ. All these factors can provide def nitive 
information in order to formulate a diagnosis 
and provide the appropriate treatment. 

N otwithstanding, in the world of contempo- 
rary medicine there can be no doubts concerning 
the clinical and scientific effectiveness of acu- 
puncture for a great variety of medical condi- 
tions, as well as the influence of the biological 
cycles of TCM and its empiricism. 


15.3.2 The effects of acupuncture 


T he effects of acupuncture can be classif ed into: 
local effects (see chapter 2) and distal effects 
(segmental and extrasegmental). 
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15.3.2.1 Distal effects 


¢ Segmental response: after the puncture, 
a stimulus is produced in one to three 
dermatomes. A parallel can be established 
between the metameric pathway and that 
of the acupuncture meridian. The segmen- 
tal structure (metameres) of the body per- 
forms a key role in internal disorders.** For 
example, the gall bladder (GB) meridian 
corresponds with the S1 territory, while 
that of the small intestine (SI) corresponds 
with the territory of C6. 
¢ Extrasegmental response: after the punc- 
ture, activity is produced in the central 
cerebral mechanisms, regulating and bal- 
ancing the internal homeostasis. This acts 
on different levels of the nervous system: 
peripheral, medullar and central. Apart 
from triggering neurohormonal mecha- 
nisms (including the immune and endo- 
crine systems), it produces a cascade of 
biological repair elements with the release 
of endogenous opioids that modulate and 
control pain, specif cally in the midbrain 
periaqueductal grey mattet.? Furthermore, 
the organism’s capacity for self-regulation 
and self-repair is stimulated, thus neutral- 
izing pain-causing agents.° 
Regarding the mechanisms of action of acupunc- 
ture, not only are the effects on the segment and 
corresponding metameres highlighted, but also 
notable neurochemical mechanisms are trig- 
gered. In addition, blood circulation is stimu- 
lated and there is a regulation of the vegetative 
nervous system, as well as a stimulation of the 
self-regulation systems, the endocannabinoid 
system, ‘local’ effects, the mechanotransduction 
and influences on the function of the brain.’ 


15.3.3 The neurophysiology of pain 


The clinical practice of acupuncture influences 
different levels of the nervous system (f gure 
is). 
¢ activation and sensitization of the periph- 
eral nociceptors 


Roeser : Afferent : Interneurons 
pathways (spinal cord) 
Descending Superior Ascending 


FIGURE 15.1 = Acupuncture mechanisms of transmis- 
sion and action. 


¢ transmission of nociceptive stimuli by the 
primary afferents 

¢ modulation and integration of the nocicep- 
tive response at the level of the spinal dorsal 
horn: frst level of integration of informa- 
tion from sensory afferents into the central 
nervous system 

¢ transmission through ascending pathways 

¢ integration of the response in the higher 
centres (brain structures) 

¢ control through the descending pathways. 


15.3.3.1 Peripheral nociceptors 


Via the acupuncture needling technique, afferent 
f bres of the peripheral nerves are activated — A-B 
(type II) and A-d (type III), producing the 
so-called ‘Qi flow’ in TCM."® 

On the other hand, the local concentration of 
algogen substances activated by the peripheral 
tissue lesion is reduced and changes are pro- 
duced in circulation, temperature and chemical 
effects. 


15.3.3.2 The medullary level and 
ascending pathways 


T he stimulus caused by the needle will reach the 
spinal cord. This is the frst synaptic station and 
the f Iter that permits elimination of unnecessary 
messages while amplifying the most important 
one towards the higher centres. 

Neuromodulation occurs in the posterior 
horn of the grey matter of the spinal cord via 
modulator interneurons. T his, in turn, produces 
the gate control phenomenon, blocking the 
entrance of pain at the spinal level, thus inhibit- 
ing transmission of nociceptive information 
towards higher nervous centres.'' The afferent 
neurons of the dorsal horn synapse directly (syn- 
apsis between the frst and second neuron via the 
liberation of neurotransmitters) and indirectly 
(synapsis between the frst neuron and the mod- 
ulatory interneurons) with the motor neurons of 
the anterior horn. This synapsis is responsible 
for the reflex muscular activity (normal or patho- 
logical) that is associated with pain. 

T he information pathway circulates along the 
anterolateral quadrant of the white matter of the 
spinal cord, after having crossed the commissure 
(the axons of the neurons of the dorsal horn form 
the ascending pathways) until arriving at the 
thalamus, prefrontal zone and limbic system 
(somatosensory cortex)'* through the following 
ascending pathways: 

¢ spinothalamic pathway: carries the most 

information and nociception: pain and 
temperature 


¢ spinoreticular tract: in relation to affective 
phenomena. some axons terminate in the 
reticular formation of the pons and the 
brainstem 

¢ spinomesencephalic tract: collateral path- 
way to the midbrain periaqueductal grey 
matter. 

The main neurotransmitters released are: 

¢ Endogenous opioid peptides: their action 1s 
similar to morphine. Endogenous opioid 
peptides participate in the modulation of 
nociception and the perception of pain. 
T hey have an analgesic action: e.g. enkepha- 
lins, endorphins, dynorphins. 

¢ Endogenous non-opioid peptides: their 
action is not very clear, e.g. calcitonin, cho- 
lescystokinin, neurotensin, somatostatin. 

¢ Neuromodulators: these come from the 
superior nuclei that descend to the spinal 
cord and have an inhibitory action, e.g. 
serotonin, catecholamines (noradrenaline). 

¢ Gamma-aminobutyric acid: this is a spinal 
inhibitor. 

¢ Excitatory amino acids: glutamate and 
aspartate. 


15.3.3.3 Higher nervous centres 


T hese areas of the central nervous system par- 
ticipate in the transmission of information and in 
the analysis of stimulus, in relation to the dura- 
tion, intensity and localization of the informa- 
tion. Furthermore, they project to cortical areas 
or elaborate motor and emotional reactions. 

Shen demonstrated that the dorsomedial 
part of the bulbar reticular formation, which 
comprises the posterior group of the raphe 
nuclei, is the most important nervous structure 
in the supraspinal modulation caused by 
acupuncture.” 


KEY POINTS 


The axons, after crossing the midline at the 
spinal level, ascend on the contralateral side and 
carry the information to the reticular formation, 
the nucleus raphe magnus, the periaqueductal 
erey, the nuclei of the thalamus, the limbic 
system and hypothalamus and the somatosen- 
sory cortex. 


15.3.3.4 Descending pathways 


At this level, an endogenous modulation of 
pain is produced which is expressed using inhib1- 
tion systems of nociceptive impulses. The fnal 
balance determines the magnitude and duration 
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of the painful sensations triggered by a painful 
stimulus. 

The descending component courses through 
the dorsolateral fascicle of the spinal cord, as the 
most important control system that connects the 
periaqueductal grey, the reticular formation, the 
nucleus raphe magnus and the thalamic nuclei of 
the rostroventromedial bulbar reticular forma- 
tion, (the ‘relay station’ between the midbrain 
and the dorsal horns) and the dorsolateral 
pontine tegmentum. 

The principal mediators that act upon the 
descending system are serotonin and noradrena- 
line. 


15.4 THE CLINICAL CORRELATION 
AND CORRES PONDENCE BETWEEN 
ACUPUNCTURE POINTS 


Many authors have described a clinical corre- 
spondence between the classical acupuncture 
points and the most relevant myofascial trigger 
points (MTrPs). 

According to Dorsher and Fleckenstein”, 
there is a 93% anatomical correspondence 
between regions of MTrPs and classic acupunc- 
ture points. Furthermore, these authors assert 
that highly evident anatomical and clinical cor- 
respondences exist, as the acupuncture points 
are frmly based on the anatomy of the nervous 
and muscular systems. There are also clinical 
correlations between both systems regarding 
pain disorders and their treatment (97%) and 
somatovisceral disorders (93.3% ). T his provides 
clinical support for the fact that MTrPs and acu- 
puncture points may, in fact, reflect the same 
physiological phenomena. In contrast, only 
7-9% of the point pairs showed a poor or null 
correspondence between patterns of referred 
pain and acupuncture meridians. 

According to Melzack"*, there is an anatomi- 
cal correspondence of approximately 94-97% 
between the classical acupuncture points and the 
MTrPs traditionally used for the treatment of 
pain syndromes in general. As a result, in pain 
with clinical and anatomical similarities, both 
treatments have shown positive results. For 
example, the MTrP of the masseter muscle 
(superior, posterior, middle, anterior portions 
and superf cial and deep layers) for the treatment 
of posterosuperior dental pain, tinnitus or pain 
in the upper incisors corresponds with the 
number 6 acupuncture point of the stomach 
meridian (ST6) and the acupuncture points 
ST 36, ST37 and ST39 correspond with the 
MTrP of the tibialis anterior muscle and are used 
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Tendon of posterior tibial 
muscle 


Tendon of flexor digitorum 
longus muscle 


Vasculonervous bundle 
(posterior tibial artery and 
vein, tibial nerve) 


Tendon of flexor hallucis 
longus muscle 


coz 10 


FIGURE 15.2 =» The KID6 point and its correspondence with the medial retromalleolar vasculonervous bundle 
(posterior tibial artery and vein, tibial nerve) and dependent musculoskeletal structures, such as the tendon of 
tibialis posterior muscle, tendon of flexor digitorum longus muscle and tendon of flexor hallucis longus muscle. 
(Cadaver image courtesy of F. Valderrama, F. Valera and F. Minaya). (Colour version of f gure is available online). 


in neurophysiological studies in order to test the 
deep f bular nerve, as accessory branches depend- 
ent on the common f bular nerve, such as in the 
case of drop foot. 

On the other hand, these authors support 
the existence of a clinical correlation between 
the pathway of the meridian within which the 
acupuncture points are found and the MTrPs 
that are anatomically correlated’? in the descrip- 
tion of patterns of referred pain. For example, 
the most common pattern of referred pain for 
the latissimus dorsi muscle corresponds with the 
pathway of the small-intestine meridian. 

T he correspondence of some of the acupunc- 
ture points with MTrPs'*"’ are presented below: 

¢ SI15, TB14: deltoid (anterior, medial and 

posterior f bres) 

¢ LI12: brachioradialis 

¢ LI11: extensor carpi radialis longus 

¢ SI3: abductor digiti minimi 

¢ LI4: adductor hallucis 

¢ SI11: infraspinatus 

¢ HE3: pronator teres 

¢ LI8: extensor carpi radialis brevis 

¢ T B23: orbicularis ocull. 

Furthermore, numerous authors have demon- 
strated that a close relationship exists between 
the classic acupuncture points and structures 
such as fat, subcutaneous cellular tissue, fascia, 
the connective tissue system and cutaneous 
nerves. Furthermore, they have studied the cor- 
respondence of acupuncture points/meridians 
with the connective tissue, as acupuncture 
points are usually located within fascial planes 
(subcutaneous cellular tissue, between bones and 
muscles). 

The relation of the acupuncture points with 
cutaneous nerves is detailed below: 

¢ TB10, SI8, HE7, HE6, HES, HE4: ulnar 

nerve 

¢ LU9, LIS: radial nerve 


¢ BL36, BL37, BL40, BLS55: sciatic nerve 

¢ KID1: lateral plantar nerve 

¢ TB5: posterior interosseous nerve 

¢ GB20: greater occipital nerve. 
Another example is the acupuncture point KID6 
(f gure 15.2), which is found below the maximal 
prominence of the medial malleolus of the ankle 
and which has special relevance due to its relation 
with the innervation path of the posterior tibial 
artery and vein or acupuncture points KID6 and 
KID7. The latter are more commonly and tradi- 
tionally used in the West for stimulation of the 
posterior tibial artery and vein, and tibial nerve 
(and its symptoms), while in the East these are 
traditionally used for tonif cation of the func- 
tional sphere of the kidney (yin), due to the cor- 
respondence with the cycle of the f ve elements. 


KEY POINTS 


In TCM the scientif c concept is integrated with 
the philosophical-empirical concepts. An exam- 
ple are the ST 36, ST 37 and ST 39 points, which 
are motor points of the tibialis anterior and 
which, furthermore, are used in both acute and 
chronic illnesses of the gastrointestinal system 
as special points of action for unblocking the 
stomach, the large intestine and the small 
intestine. 


15.5 NOTIONS OF BIONERGETICS 


15.5.1 Basic description of 
the energies 


Acupuncture, as previously def ned, is an energy 
technique. T hus, in this section, we shall present 
a brief description of the fundamental energies 
that enable the system to function and which will 


provide the therapist with a therapeutic strategy 
when approaching the patient. These energies 
are divided as follows. 


15.5.1.1 Ancestral Qi 


T his is the ancestral energy or the essence with 
which we are born and is due to the sum of 
yuanggi or the original energy of each species 
with zhonggi, which is the energy inherited from 
our parents and related to the reproductive proc- 
esses of the cellular formation. The genetic pre- 
disposition of the person to fall ill depends on 
this latter energy. 


15.5.1.2 Acquired Qi 


T his is the energy obtained from the relation of 
individuals with their surroundings via teluric- 
cosmic processes. Within acquired Qi we can 
fnd: 
¢ Rong Qi: this is the energy obtained from 
simple metabolic processes from the energy 
extracted from food and air. This energy 
circulates within channels called principal 
acupuncture meridians during a 24-hour 
cycle and is responsible for the dynamics of 
functional organic activities, such as intes- 
tinal peristalsis and respiratory function. 
¢ Wei Qi: this is a type of energy that also 
arises from complex metabolic processes, 
resulting in an energy that is more yang, 
and which carries a defensive function. 
T his energy circulates through more super- 
fcial channels called the tendinomuscular 
meridians (TMM). These are responsible 
for energetic nutrition of the musculoskel- 
etal system and defensive processes. 


15.5.2 Concepts of 
energy physiology 


In the following section, the two fundamental 
theories upon which TCM 1s based will be 
explained: the yin—yang theory and the theory 
of the f ve elements. These provide an explana- 
tion for the human body, its physiology and its 
physiopathology. These theories introduce the 
reader to the related diagnosis and physiother- 
apy treatment.'*"” 


15.5.2.1 Yin-yang theory 


The yin—yang theory states that everything in 
nature is formed by two polarities, one called yin, 
and another, yang. These are opposites, but they 
complement each other and one cannot exist 
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without the other. They form a single unit that 
is known as the vital tao. 

Humans are considered to be a vital tao, 
formed of a yin part, which is the matter and the 
physiological processes, and a yang part, which 
is the energy needed to perform these processes 
(adenosine triphosphate), so that matter cannot 
exist without energy, and vice versa. 

T his concept of bipolarity in the vital taomust 
be in harmony, and is fundamental in order to 
maintain the balance between the internal proc- 
esses and the external surroundings, and body 
homeostasis is reliant on this.*””! 

On the other hand, this yin—yang concept is 
described as being integrated within a law of 
relativity: ‘The yin and yang’ are antagonists; 
they mutually control one another; each is con- 
sidered the basis of the other; they reciprocally 
transform into their inverse and both the increase 
and the decrease of the yin—yang are in balance’. 
For this reason, an absolute yin or yang cannot 
exist; everything is relative according to a frame- 
work of comparison. 

An example of the yin—yang law of relativity is 
that, within the body, the head would be the 
yang, as opposed to the feet, which would be yin. 
However, within the head, the eyes would be 
yang, aS opposed to the mouth, which would be 
yin (table 15.1). 


KEY POINTS 


The yin and yang are antagonists, they control 
one another mutually, each is considered the 
basis of the other, they reciprocally transform 
into their inverse and both the increase or the 
decrease of the yin-yang are in balance. 


As previously noted, the concept of health is 
established on the basis of the balance between 
yin and yang (f gure 15.3). If one becomes imbal- 
anced with regard to the other, either by excess 
or defect, the body loses its capacity for adapta- 
tion and begins a process which, if the body is 


TABLE 15.1 Yin-yang characteristics 





Yin Yang 

Woman Man 

Dark Light 

Night Day 

Earth Sky 

Matter Energy 

Organ Viscera 

Deficiency Excess 

Parasym pathetic Sym pathetic 

-osis (wasting) -itis (inflam mation) 


Xue Qi 
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not able to resolve on its own, would result in 
the appearance of the frst symptoms of illness 
depending on the affected meridian (f gures 15.4 
and 15.5). 

An example of this is a patient who attends a 
consultation with inflammation, pain and redness 
in a knee. Apparently, the patient presents yang- 
type symptoms, but the cause could be an acute 
process with a predominance or plentitude of 
yang (arthritis) or the acute spike of a chronic 
process with waste and a lack of yin (arthrosis). 


15.5.2.2 Theory of the five elements 


T CM describes a series of elements or energetic 
movements based on the observation of nature 
and for which a series of characteristics are 
assigned, such as colours, tastes, emotions and 


Normal state 
Balance 





Yang Yin 
FIGURE 15.3 = State of balance between yin and yang. 


A Pathological state: plenitude 
(SHD) 


Due to 
excess of yin 


Excess 
(fullness) 


Emptiness 





Yang 


A Pathological state: plenitude 





(SHI) 
Excess Synge due to Emptiness 
(plenitude) excess yang 
Yang Yang 


climatic factors. A series of interrelations are also 
established between all of these and this allows 
for the explanation, diagnosis and treatment of a 
large number of pathologies. 

These elements are: wood (table 15.2), fre 
(table 15.3), earth (table 15.4), metal (table 15.5) 
and water (table 15.6). 

Once these f ve elements and their character- 
istics are described, an image is created of the 
penta-coordination and their relations are estab- 
lished, thereby developing what are known as 
physiological and pathological cycles. 


15.5.2.3 The physiological cycles 


The physiological cycles are the interdependent 
interrelations that are established between the 


TABLE 15.2 Wood element 





correspondences 
Organ Liver 
Viscera Gall bladder 
Sense Sight 
Colour Green 
Taste Acid 
Season Spring 
Emotions Imagination/anger 
Nourishes Muscles/tendons/nails 
Clim atic factor Wind 


B_ Pathological state: emptiness 


(XU) 


Due to an 
emptiness 
of yang 
FIGURE 15.4 = (A) Pathological state 
of plenitude or excess (Shi) of yin. 
(B) Pathological state of deficiency 
Yang or emptiness (Xu) of yang. 


B_ Pathological state: emptiness 


(XU) 


due to 
emptiness 
of yin 


FIGURE 15.5 = (A) Pathological state 
of plenitude or excess (Shi) of yang. 
(B) Pathological state of deficiency or 
emptiness (Xu) of yin. 








Organ Heart 

Viscera Small intestine 

Sense iiact 

Colour Red 

haste Sour 

Season Summer 

Em otions Word/joy 

Nourishes Blood vessels/complexion 
Climatic factor Heat 





Organ Spleen 

Viscera Stomach 

Sense Taste 

Colour Yellow 

Taste Sweet 

Season Midsummer heat 
Emotions Reflection/obsession 
Nourishes Connective tissue/lips 


Chintaticsta cto t 


Hum idity 





Organ Lung 

Viscera Small intestine 
Sense Smell 

Colour White 

Taste Spicy 

Season Autumn 
Emotions Soul/sadness 
Nourishes Skin/hair 
Climatic factor Dryness 





Organ Kidney 
Viscera Bladder 

Sense Hearing 
Colour Black 

Taste Salty 

Season Winter 

Em otions Willpower/fear 
Nourishes Bones/hair 
Climatic factor Cold 


fve elements and which explain the influence 
that some of these can have over the others. 
There are two physiological cycles: genera- 
tion (Sheng) and control (Ko).'””' 
¢ The Sheng cycle is related with generation 
or creation, so that one element generates 
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FIGURE 15.6 =» Sheng cycle (generation). 


the next but, at the same time, is generated 
by the previous one (and so on). Each 
element is considered the ‘mother’ of the 
element that follows and the ‘son’ of the 
previous. In this manner, wood generates 
fre, but is also generated by water; fre 
generates earth and is generated by wood; 
earth generates metal and is generated by 
fre; metal generates water and is generated 
by earth; and water generates wood and is 
generated by metal. This cycle, whose 
mission it is to generate, engender and 
stimulate, could be compared with the sym- 
pathetic system of the body (f gure 15.6). 
¢ The Kocycle is related to the control that 
some elements establish over others that, at 
the same time, are also controlled. In this 
manner, wood controls earth but is control- 
led by metal, f re controls metal but is con- 
trolled by water, earth controls water but is 
controlled by wood, metal controls wood 
but is controlled by fre, and water controls 
fre but is controlled by earth. This cycle, 
whose mission it is to control in order to 
avoid the excess of a stimulus, could be 
compared with the parasympathetic system 
(f gure 15.7). 
Thanks to these two cycles of generation and 
control (sympathetic and parasympathetic), a 
system is established which helps to maintain the 
balance of our organism. When this balance is 
disrupted, pathological cycles appear. 


15.5.2.4 The pathological cycles 


When an organ/viscera has an excess of ener- 
getic stimulus and if the balance system does 
not function properly, this may affect the rest of 
the elements, causing the development of the 
characteristic symptoms of each system. There 
are four such cycles, two in relation to the 
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S 
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FIGURE 15.7 = Ko cycle (control). 


FIGURE 15.8 = Mu-Zi cycle. 


FIGURE 15.9 = Zi-Mu cycle. 


FIGURE 15.10 = T’Cheng cycle. 


generation cycle (Mu-Zi and Zi-Mu) and two in 
relation to the control cycle (T ‘Cheng and Wu 
cycle). 


¢ Mu-Zi cycle (the mother can tire the son): 


‘An excess of wood can generate an excess 
of fre’ (f gure 15.8). For example: an excess 
of muscular activity or of stress can over- 
stimulate the liver (wood). If the systems 
are not properly balanced, this overstimu- 
lation will affect the heart (fre), and symp- 
toms such as palpitations and arrhythmias 
may appear. 

Zi-Mu cycle (the mother can be tired by the 
son): ‘An excess of wood can consume 
water’ (f gure 15.9). An excess of energetic 
stimulus over the liver, if water is not in 
balance, could be harmful and cause the 
appearance of symptoms pertaining to that 
element, such as tinnitus and low-back pain. 
T ‘Cheng cycle (excess of dominance): ‘An 
excess of wood can block earth’ (f gure 
15.10). The excess of energetic stimulus 
over the liver can produce a blockage of the 


FIGURE 15.11 = Insulting Wu cycle. 


spleen, producing the appearance of diges- 
tive symptoms. 

Insulting (Wu) cycle: ‘An excess of wood 
can break metal’ (f gure 15.11). An excess 
of energetic stimulus from the liver, if the 
movement of water is unbalanced, can 


affect the lung, producing corresponding 
symptoms such as coughing, dyspnoea or 
skin disorders. 


15.6 THE ACUPUNCTURE 
MERIDIANS (JING MAI) 


15.6.1 Definition 


The acupuncture meridians are the channels 
along which the different types of energy circu- 
late, according to the type of meridian: the 
rong energy circulates along the main meridi- 
ans, and the wei energy circulates along the 
TMM. As these are pathways that carry energy 
(Qi), they accompany great paths of matter 
(Xue). They have a precise topography, with a 
beginning, an end and a well-defned circula- 
tion sense. 

These meridians are bilateral and symmetri- 
cal and they flow through the human body 
forming a network made up of main branches, 
secondary branches and capillaries. Therefore, 
they are an instrument of communication 
between the surface of the body and the organs. 

The main meridians conduct the energy to 
the next meridian by means of an external 
pathway, which is where the acupuncture points 
are found (and on which the therapist will focus 
during treatment). These lead to the corre- 
sponding energy unit (organ/viscera) following 
an internal pathway. An example is the bladder 
meridian, which accompanies the pathway of the 
sciatic nerve. 

These meridians receive the name of fve 
organs (yin) and fve viscera (yang) together 
with two meridians that correspond with both 
functions: 

¢ Six organs: LU: lung; P: pericardium (cor- 

responds with a function); HE: heart; SP: 
spleen; LIV: liver; and KID: kidney. 

¢ Six viscera: LI: large intestine; TB: triple 

burner or sanjiao (corresponds with a func- 
tion); SI: small intestine; BL: bladder; GB: 
gall bladder; and ST: stomach. 
These organs/viscera can be grouped into pairs, 
forming what is called an energetic unit. Thus, 
LU/LI form an energetic unit, as do ST/SP, 
HT/SI, UB/KD, PC/TH and GB/LV. 


15.6.1.1 Types 


Twelve main meridians, 12 secondary TMMs 
and eight annex meridians are described (mar- 
vellous vessels, extraordinary vessels). 
¢ The TMM have the same name as the main 
corresponding meridian, therefore a TMM 
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of the LU, PC, HT, LI, TH, SI, UB, GB, 
ST, SP, LV and KD is described. 

¢ There are eight marvellous vessels: Ren 
Mai, Du Mai, Yang Qiao, Yin Qiao, Yang Wei, 
Yin Wei, Chong Mai and Dae Mai. These 
meridians fulf1 a function of coordination 
and establish links with the remaining 
meridians. They do not have their own 
points, except for Ren Mai and Du Mai, but 
they have some master points or points of 
Opening and cross-points that they share 
with the main meridians. 

¢ The 12 main meridians form the so- 
called great circulation, whereas the small 
circulation is formed by the Ren Mai and 
Du Mai meridians. 


15.6.2 Circulation sense of 
the meridians 


The main meridians have an energy circulation 
sense (f gure 15.12) which is as follows. As occurs 
in the organs and the viscera, the meridians are 
grouped into pairs, forming what are known as 
coupled meridians, due to their proximity and 
because they are found communicating through 
a vessel or the secondary meridian, known as 
transverse Luo. Therefore, LU is coupled with 
LI (and vice versa), ST with SP, etc. 

On the other hand, an energy timetable is 
def ned: each organ meridian has a 2-hour period 
during which energy 1s at its peak, while12 hours 
later is the period of minimal or depleted energy. 
This timetable has a practical application when 
performing a diagnosis as it can be used to 
confrm how the patients symptoms regarding 
an organ or a viscera vary within its timetable of 
peak or depletion of energy. 

¢ LU: 3-5 am. 

© LJ; 5-7 a.m. 

¢ ST: 7-9 am. 

¢ SP: 9-11 am. 

¢ HE: 11 am. to 13 p.m. 


YIN YANG 

Ling ——————»> large intestine 

Spleen xm — Stomach a 
. Heart ———» Small intestine 

Kidney xu —_————___ Bladder al 
. Pericardtum +9 —WW———> Tiriple burner 

Liver <m —— Gall bladder a 
. Lung 


FIGURE 15.12 =» Sense of energy circulation. 
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¢ SJ: 1-3 p.m. 

¢ BL: 3-5 p.m. 

© KID: 5-7 p.m. 

¢ P: 7-9 p.m. 

¢ TB: 9-11 p.m. 

¢ GB: 11 p.m. to 1 am. 
¢ LIV: 1-3 am. 


KEY POINTS 


The acupuncture meridians are paths of energy 
circulation which run through the body similar 
to a network, and which enable communication 
from the interior (organs) to the exterior. They 
maintain the harmony and dynamic balance of 
all functional activities (homeostasis). 


15.7 THE ACUPUNCTURE POINTS 


15.7.1 General notions 


The acupuncture points are specif c, biologically 
active points, upon which one can act with a 
needle and/or any other medium (e.g. pressure, 
moxa) with a therapeutic objective. 

Despite the scientifc recognition surround- 
ing acupuncture and the points that form the 
network of channels or meridians within which 
Qi energy circulates, the tendency is to simplify 
the location of the acupuncture points, locating 
them sometimes in a random and imprecise 
manner. 

As professionals particularly trained in the 
felds of anatomy, exploration and the treatment 
of patients, therapists are urged to be precise in 
the location of the points. 


15.7.2 Characteristics of the 
acupuncture points 


The acupuncture points are mainly distributed 
along the meridians, in precise anatomical 
localizations.*°* > 

In the West, they are referred to by the name 
of the meridian they are located on followed by 
a number, whereas in the East, their Chinese 
name is used (which has a concrete meaning). 
For example, the Western nomenclature uses 
ST 36, representing point 36 of the stomach 
meridian, whereas in Mandarin Chinese nomen- 
clature (or pinyin), this is known as Zusanii (three 
distances below the knee). 

Normally, acupuncture points are found 
located in small depressions or dips’, close 


to bony structures, vasculonervous complexes, 
depressions, processes or bony prominences 
and musculotendinous junctions, but individual 
factors are considered, especially as there is indi- 
vidual variation in the location of points and 
therefore the practitioner must be careful to fnd 
the correct location.’’ The situation and depth 
may vary depending on the age, physical state 
and anatomy of the point, pathway of the merid- 
ian and even the season. 

In the current, more modern and contempo- 
rary phase, numerous scientifc studies have 
shown that the subcutaneous tissue adjacent to 
the acupuncture point contains a large amount 
of nerve terminals, arteriovenous blood vessels, 
lymphatic vessels, neuromuscular motor points 
and plexuses.7°7* °° 

It is also important to note some of the elec- 
tric properties of the acupuncture points (e.g. 
voltage, resistance, impedance). 

A simple defnition of electric resistance is 
the opposition to the passing of electric energy 
by matter. In contrast, impedance is the sum of 
several related resistances (RI + R2 + R3 ...), 
which is less than the adjacent surrounding 
tissue. 

Acupuncture points provide less electric 
resistance to the passing of a low-voltage electric 
current compared to the acupuncture meridians. 
T herefore they can be easily detected using elec- 
tronic equipment (electronic acupuncture point 
f nders). 

The electric resistance (measured in ohms 
[Q]) to the reactive acupuncture points 1s inferior 
to the rest (or to the non-acupuncture points); 
that of the acupuncture point is relatively less 
than that of neighbouring tissue.*'~’ In deterio- 
rated, degenerated or degraded zones, areas with 
lesions or ashi points of local pain, inferior values 
are shown which display less resistance, as occurs 
with the acupuncture points. An injured or 
degraded region 1s the tissue or area that shows 
degenerative changes, tendinopathies, f brosis or 
tears (with a value of 200-250 Q). In normal 
regions, where we fnd healthy tissue, we can 
fnd values of above 800 Q. 

Acupuncture points have a higher local 
voltage: an acupuncture point has an electric 
potential higher than that of the neighbouring 
tegument. An acupuncture point has around 
40-80 mV. A healthy surrounding tissue has 
approximately 10-20 mV. 

Skin electric conduction devices exist (that 
measure the electric resistance in the skin and 
the voltage) and these can aid in correctly locat- 
ing the acupuncture points, as well as their elec- 
trical stimulus (f gure 15.13). 





FIGURE 15.13 = Pointer Plus device. (Colour version of 
figure is available online). 


15.7.3 Location of 
acupuncture points 


One of the fundamental aspects determining 
effectiveness of treatment is the precision 
employed while locating an acupuncture point. 
Although the vast majority of points are sensitive 
to palpation, or are located in small anatomic 
depressions (and thus clearly detectable upon 
palpation), the location of acupuncture points is 
based on three fundamental references. These 
are: measurements using f nger lengths, the pro- 
portional measure, and the use of anatomical 
landmarks.'* 


15.7.3.1 The fmger-cun 
measurement method 


This is the use of different fnger segments for 
the location of the points. This is considered an 
approximate measurement system and uses a 
proportional measurement method, based on the 
size of the fngers of the person who is to be 
measured. 

The term ‘distance’ or ain (tsun) is def ned as 
the length of the middle interphalangeal joint of 
the third fnger (second phalanx of the middle 
fnger). It measures approximately 2.5 cm, which 
corresponds to the width of the distal phalanx of 
the thumb. 

¢ width of the thumb: | distance (an) 

¢ width of the hand: 3 distances (an) 

¢ width of two triphalangeal fngers: 1.5 dis- 

tances (an). 


15.7.3.2 The proportional measure 


These are the measurements of the bony seg- 
ments which were established in the distant past, 
and which are used as references of length and 
width for the location of acupuncture points. 
These measurements are proportional to each 
person, and therefore valid for all, whether 
they are tall or short, children or adults, or fat 
or thin. 

These measurements are called ain (tsun) and 
represent the parts in which a bone segment is 
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divided. There are a series of bone measure- 
ments that are most commonly used by clini- 
cians. For example: 

¢ 9 ain = mastoid process 

¢ 8 an =chondrosternal angle, centre of the 


umbilicus 

¢ 19 cun = greater trochanter, centre of the 
patella 

¢ 16 an = centre of the patella, lateral 
malleolus. 


15.7.3.3 The use of 
anatomical landmarks 


T his involves locating the acupuncture points by 
using anatomical references or landmarks. 
Several types of anatomical references are 
distinguished: 
¢ fxed: ears, bony processes, nail, nipple, 
umbilicus, pubis, joints and condyles 
¢ moving: folds, muscle-tendon aponeurosis. 


15.7.4 Functions of the 
acupuncture points 


Some points have a diagnostic function, as they 
represent the superf cial reflexes of the activity 
and state of the internal organs. This can be 
manifested in different ways, such as spontane- 
ous pain on palpation, skin disorders, changes in 
skin coloration and/or temperature or scaling of 
the skin. 

For example, deep pressure applied to point 
LUI can produce local pain and/or irradiated 
pain in the path of the meridian and may be 
indicative of illness in the lung meridian. 

Although the points mainly fulf1 a therapeu- 
tic function, by re-establishing the balance 
between the superf cial system and the internal 
organs, the balance between the energy (Qi) and 
the blood (Xue) is re-established, the immune 
system is stimulated and the body becomes 
strengthened. 


15.7.5 Action of the points 


Acupuncture points can have different actions: 

¢ Local action: they can be used to treat 
alterations of nearby areas and can act upon 
tissues or organs close by. For example, the 
LI4 point can be used for pain in the hand 
and wrist. 

¢ Distal action: they can treat alterations of 
distant areas: ‘there where the meridian 
reaches, the treatment reaches’. For exam- 
ple, the LI4 point can be used for disorders 
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of the head and face (special action point 
over the head and the face). 

¢ Specifc action: some points have a specif c 
action over specif c alterations or can regu- 
late alterations of an opposite nature. For 
example, the ST37 point can be used to 
treat disorders such as constipation or diar- 
rhoea, as it 1s a special action point which 
unblocks the large intestine. 

¢ Empirical action: certain points have 
properties based on empiricism, which 
may or may not have a scientifc correla- 
tion. For example, SP10, apart from having 
a special action role over the blood or ‘the 
sea of the blood’, is used empirically in 
order to strengthen and tonify the blood. 
There are descriptions of treatments 
within the Ode to the Jade Dragon (a poem 
or text based on an old compendium 
with simple combinations of acupuncture 
points), which uses the combination of 
various points for the treatment of the 
pathology. 


15.7.6 Types of acupuncture points 


Several different types of acupuncture points 
exist: 

¢ transporting or command points: ‘classical 

shu points’ 

¢ Yuan source points 
Luo connecting points 
¢ Xi cleft points 
back Shu points and front Mu points 
Hui meeting points and_ special-effect 
points 

¢ extra or non-meridian points. 
The frst four of these are found within the 
so-called command group, located between the 
fngers and the elbows of the upper limb, and the 
toes and knees of the lower limb. The reason 
they are so named is that, through these points, 
one can act upon the energetic flow of each of 
the meridians and, thus, command the energy of 
the channel, the energy as a whole and the blood. 
In order to do so, the cycles of the f ve elements 
are taken into consideration. 


15.7.6.1 ‘Classical Shu’ points 


Each of the 12 main meridians has fve trans- 
porting or command points within the so-called 
command pathway. These points are able to 
control the meridian energetically and are 
named: Jing (well), Ying (spring), Shu (stream), 
Jing (river) and He (sea). 
¢ Jing (or ying) points: these are points 
where the energy enters the meridian, 


and all, except for one, are located on the 
border of the nails: LU11, P9, HEY, LI1, 
TBI, SIH], KID1, LIV1, SP1, GB44, ST 45, 
BL67. 

¢ Ying points: in these points the energy is 
more dynamic. T hese are found within the 
interdigital spaces: LU10, P8, HE8, LI2, 
T B2, SI2, KID2, LIV2, SP2, GB43, ST 44, 
BL66. 

¢ Shu points: in these points, the energy is 
powerful and broad. These points are 
situated in the intermetacarpal and inter- 
metatarsal spaces: LU9, P7, HE7, LI3, 
T B3, SI3, KID3, LIV3, SP3, GB41, ST 43, 
BL65. 

¢ Jing points are used when the energy is 
blocked. T hey are found in the small joints 
(wrists and ankles): LU8, MC-5, HE4, LI5, 
T B6, SI5, KID7, LIV4, SP5, GB38, ST 41, 
BL60. 

¢ He points are found in the intermediate 
joints (elbows and knees): LUS5, P3, HE3, 
LIl1, TB10, SI8, KID10, LIV8, SP9, 
GB34, ST 36, BL40. 

Within these classical shu points there are tonify- 
ing and sedating points: 

¢ Tonifying points stimulate the organ or 
corresponding function: LU9, P9, HE9, 
LI11, TB3, SI3, KID7, LIV8, SP2, GB43, 
ST 41, BL67. 

¢ Sedation or dispersion points inhibit the 
organ or corresponding function: LUS, P7, 
HE7, LI2, TB10, SI8, KID1, LIV2, SPS, 
GB38, ST 45, BL65. 


15.7.6.2 Yuan source points 


T hese are points that absorb energy. They have 
the capacity to tonify or disperse the correspond- 
ing organ when connecting to the Luo points 
through the transverse Luo channel: LU9Y, P7, 
HE7, LI4, T B4, SI4, KID3, LIV3, SP3, GB40, 
ST 42, BL64. 


15.7.6.3 Luo connecting points 


These are points of energy drainage that are 
connecting to the main flow: LU7, P6, HES, 
SI7, TBS, L16, KID4, LIV5, SP4, GB37, ST 40, 
BL58. 


15.7.6.4 Xi cleft points 


These are points that unblock the energy unit: 
LU6, P4, HE6, LI7, TB7, SI6, SP8, LIV6, 
KID5, ST 34, GB36, BL63. 

Some of these points are given names of 
Western drugs, such as 34ST (omeprazole), SP8 
(Xanax), LU6 (salbutamol). 


15.7.6.5 Back Shu points 


T hese are found in the back, more exactly, in the 
frst line of the urinary bladder meridian, at 1.5 
aun from the midline on both sides, at the level 
of the paraspinal muscles (f gure 15.14). 

Each meridian has its own Shu point, which 
represents the metameric origin of the organ/ 
viscera. It is important to highlight that, at a 
segmental level, there is a metameric and seg- 
mental correspondence between the back Shu 
points of traditional acupuncture and the related 
organ. Mainly, there is a segmental correspond- 
ence for the dermatomes, myotomes and vis- 
cerotomes (table 15.7). 

The Shu points have been studied by numer- 
ous experts, such as Upledger, Sherrington, 
Head, Bekkering, Van Bussel and Mackencie J, 
and they have been described as Head zones, 
Upledger points, etc. 
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FIGURE 15.14 = Puncture of a transverse section at the 
lumbar level acting upon the Shu point at 1.5 cun 
lateral to the midline (DuMa1). (Colour version of 
figure is available online). 
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These are general stimulation points, and 
are used both for tonif cation and sedation. T hey 
are particularly effective in chronic disorders 
(f gure 15.15). 

¢ lung: BL13 (T3) 

¢ pericardium: BL 14 (T4) 

¢ heart: BL5 (T5) 

¢ liver: BL18 (T9) 

¢ gall bladder: BL19 (T 10) 

¢ spleen: BL20 (T 11) 

¢ stomach: BL21 (T 12) 

¢ triple burner: BL22 (L1) 

¢ kidney: BL23 (L2) 

¢ large intestine: BL25 (L4) 

¢ small intestine: BL27 (S1) 

¢ bladder: BL28 (S2). 

Apart from this segmental and metameric cor- 
respondence (which 1s not altogether clear, due 
to the fact that the similarities are not exact), 
there are other acupuncture points which are 
used empirically. Depending on the point and its 
location, an explanation can be found for cor- 
respondence, or not. For example, the BL32 
point is located in the second sacral foramen at 
0.75 aun lateral to S2, and is used empirically in 
genitourinary pathologies of the female lower 
pelvis in combination with SP6. However, it can 
be used for disorders of the vasculonervous 
innervation of the second sacral foramen, such 
as gynaecological alterations — inflammation of 
the lower pelvis, irregular menstruation, dys- 
menorrhoea and infertility. In this case it is 
important to locate the BL32 point with preci- 
sion. A direct stimulus with the needle is then 
performed by introducing the needle into the 
second sacral hole. 

Regarding the complementarity of BL32 with 
SP6, a formal scientifc explanation is not avail- 
able; however, SP6 is the main point to be used 


TABIE 15.7 Correspondence of the Shu points (back) with the dermatome and 





myotome 
Meridian Acupuncture point Dermatome Myotome 
Lung Bris T3 (T4) C3-C5; T1-T4 
Pericardium BL14 T4 (T5) C3-C5; T1-TS5 
Heart BLI5 T5.(G6) C3-C6; T5—-T6 
Governing vessel BL16 or Gly) C3-C4; Co—C8; T6—-T7 
Diaphragm BL17 T7 (T8) C3-C4; C6—C8; T7-T8 
Liver BL18 TU) C3-C4; C6—C8; T10-T11 
Gall bladder BLI9 THO UG) C3-C4; C6—C8; T9-T10 
Spleen BL20 TEL TAC) C6-C8; T9-T12 
Stomach BEA Ihe) Co—-C8; T9-L1 
Triple burner BL22 JEN (Ex) Co—C8; T9-L2 
Kidney BEZ3 12 ES) C6o—-C8; L2-L3 
Farce imresinie BL25 L4 (LS) L4-L5 
Small intestine BL27 Di(S2) L5-S2 
Bladder BL28 S2 (S83) L5; S1-S2 
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FIGURE 15.15 = Shu points of the back. (Colour version of figure is available online). 


in gynaecological and urinary disorders, espe- 
cially in women. This SP6 point (known as San 
Yin Jiao) has a powerful effect on pathologies of 
the inferior Jiao and, due to its location, is a 
cross-point of the three yin meridians of the leg 
(spleen, liver, kidney), as its name indicates. 


KEY POINTS 


Acupuncture is considered within the scope of 
practice for physiotherapists. 


For general gynaecological and urinary treat- 
ment (the latter, mainly for women) the SP6 + 


BL32 formula is used in order to produce a 
direct stimulus to the lower pelvis. 


SP6 will be used as a bilateral opening point 
and BL32 is used due to its action over the local 
sacral openings. 


Furthermore, depending on both the pathol- 
ogy and the clinical symptoms, more points will 
be added, depending on the process. 


This procedure is contraindicated in preg- 
nancy, as it can produce uterine contractions, 
movement of the fetus, bleeding and even 
abortion. 
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TABLE 15.8 Correspondence of the ventral Mu points with the dermatome 


and myotome 





Meridian Acupuncture point 
Lung LUI 
Pericardium REN17 
Heart REN14 
Large intestine rs) 
Triple burner RENS 
Small intestine REN4 
Spleen IETS 
Liver LIV14 
Kidney GB25 
Stomach REN12 
Gall bladder GB24 
Urinary bladder REN3 


15.7.6.6 Front Mu points/alarm points 


T hese are located in the front of the body (table 
15.8), and are used for diagnosis and treatment. 
T hey are sore when there is a disorder affecting 
the organ and are used mainly in acute disorders 
(f gure 15.16). 

¢ lung: LUI 

¢ pericardium: REN 17 

¢ heart: REN 14 

¢ liver: LIV]4 

¢ gall bladder: GB24 

¢ spleen: LIV 13 

¢ stomach: REN /2 

¢ triple burner: RENS 

¢ kidney: GB25 

¢ large intestine: ST25 

¢ small intestine: REN4 

¢ bladder: REN3. 


15.7.6.7 Hui meeting points 


These are special points where the Jing Qi of 
eight types of body structures meet: Zhang, Fu, 
Qi (energy), blood (Xue), tendons, bones, medulla 
and channels. T hese points are used in the treat- 
ment of pathology affecting these structures or 
substances and, when stimulated, show a multi- 
ple and extensive action. 
¢ LU9: meeting point of the vessels 
¢ GB34: meeting point of muscles and 
tendons 
¢ LIV13: meeting point of organs (yin) 
¢ REN12: meeting point of the viscera 
(yang) 
¢ REN17: meeting point of the vital energy 
¢ BL17: meeting point of the blood 
¢ BL1I1: meeting point of the bones 
¢ GB39: meeting point of the marrow. 


Dermatome Myotome 

T2 (C4) C5-T1 

T4 (T5) C5-T1; T4—-T5 
Wy T7-T12 

T10 TG 

Tt 7-12 

TS GZ) T7-T12 

T10 T8-Ll 

T6—-T7 T8-Ll 

TO (nD) T8-Ll 

T8 T7-T12 

WN C3-C5; T7-L1 
WZ el) T7-T12 


15.7.6.8 Special-effect points 


These are empirical points that have an impor- 
tant effect on energy balance. 

¢ BL1O: acts upon the parasympathetic 
nervous system. Indicated in states of 
plethora with cerebral symptoms 

¢ BL38: acts upon haematopoiesis. Indicated 
in pathologies which are accompanied by 
signs of weakness, e.g. anaemia, amenor- 
trhoea, weight loss 

¢ BL40: lumbar column 

¢ LU7: head and neck 

¢ LI4: head, face and mouth 

¢ P6: chest, heart, stomach (problems with an 
internal aetiology) 

¢ TB5: thoracic pains (external problems) 

¢ SP6: gynaecological alterations 

¢ $732: meeting point of arteries and veins 

¢ S$736: acts upon general energy, indicated 
in depressive and nervous states 

¢ SP5: action upon the connective tissue and 
upon the venous tone. Indicated in varicose 
veins and arthropathies 

¢ BL6O: relaxing action upon the nervous 
system and an antalgic point, in general. 


15.7.6.9 Extra or non-meridian points 


These are points that are not found on the 
pathway of any of the meridians. The number of 
these points can vary according to different 
authors. It is worth highlighting the existence of 
extra points named huatuo jiaji (or Ex-B2 ‘para- 
vertebral’ points) due to their metameric corre- 
spondences (f gure 15.17). 

There are 34 huatuo jiaji points: 17 extra 
points located on either side of the midline. Each 
is located at the height of the inferior depression 
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FIGURE 15.16 = Ventral Mu points. (Colour version of figure is available online). 


and lateral to the spinous process (at 0.5 ain 
lateral to the posterior midline), from T 1 (which 
corresponds with DU14) up to L5 (which cor- 
responds with DU3). Therefore, there are 12 
pairs of thoracic points (between T1 and T 12) 
and f ve pairs of lumbar points (between L1 and 
L5). Depending on the school of thought, the 
lateral points, corresponding with the cervical 
column, are described as ‘cervical huatuo jiaji’. 
Regarding the puncture technique for these 
points, it is important frst to consider 


the correspondence with the organ or viscera 
associated with the acupuncture point. The 
insertion is performed at 0.5—1 ain perpendicu- 
lar or oblique at 45° in the direction of the 
midline. Locally this does not correspond with 
the facet joints, as these remain slightly lateral, 
but a translation from pin-yin could be: ‘facet 
joint syndrome’. The puncture should never be 
performed in a lateral direction (due to the pos- 
sibility of injuring a vital organ at a different 
level). 
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FIGURE 15.17 = Huatuo jiaji points or paravertebral points. (Colour version of figure is available online). 


Once the arrival of Qi is obtained, the needle 
can be either manually or electrically stimulated 
using electroacupuncture (see chapter 13). 

Oblique insertions are also used (45° in a 
medial direction) in the treatment of the dorsal 
Shu points (back), directing the needle towards 
the area of the extra points huatuo jiaji, and rein- 
forcing the therapeutic action of the latter. 

It is important to note that with this type of 
puncture precaution is advised in treatments 
during pregnancy, due to the connection with 
the fetus, especially in the lumbosacral region. 

In TCM puncture of these points is indicated 
in order to regulate and balance the organs and 


viscera according to the Zhang-Fu theory (in 
China, punctures in segments of the cervical 
spine were also performed in order to regulate 
chronic disorders and osteoarthrosis of this cer- 
vical segment). In the West, these points are 
understood to provide segmental regulation for 
illnesses and disorders by stimulating the local 
nerve root and local facet disorders. 

The approximate metameric correspond- 
ences are: 

¢ T1-T3: for the treatment of the lung and 

the upper extremities 
¢ T-T7: chest, heart 
¢ T8—T10: liver and gall bladder 
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¢ T11—T12: stomach and spleen 

¢ L1I-L2: kidney, lower extremities 

¢ [3-L5: bladder, intestines and 
extremities. 


lower 


15.8 THE DE-QI PHENOMENON 


The de-Qi phenomenon is def ned as the sensa- 
tion the patient experiences when the needle 
stimulates the acupuncture point. It can be trans- 
lated as the ‘needle phenomenon’ or ‘needle sen- 
sation’ (see chapter 2). In general, the de-Qi is 
sought for in the exact location of the acupunc- 
ture point, while appreciating that this point 1s 
individual for each patient, and must be located 
using the patient’ own measures or landmarks. 
A thorough knowledge of anatomy and a careful 
visual inspection, as well as previous palpation, 
are also recommended. In certain applications, 
the therapist seeks the de-Qi in the sense of the 
energy flow he or she is most interested in. 
For example, in the stimulation of Yu- Yiao (‘f sh 
loin’ point or the midpoint of the eyebrow), 
the needle may be oriented either towards the 
outer edge of the eyebrow (in the case of a tem- 
poral headache) or towards the beginning of the 
eyebrow in order to support the function of the 
inn-trang (third eye) and as an anxiolytic. 

De-Qi is found mainly within fascial planes of 
connective tissue’, subcutaneous cellular tissue, 
and sometimes, the de-Qi or ‘the arrival of Qi’ 
phenomenon is sought with needle stimulations 
in intramuscular, intrabursal or intra-articular 
planes, or against the periosteum. T his depends 
on the intended application and the location of 
the acupuncture point. 

An important and defnitive factor in this 
process is the diameter of the acupuncture needle 
used: needles of 0.26—0.30 mm diameter are 
used mainly for treatment with acupuncture, 
with a few exceptions in certain points and/or 
patients. 

For the generation of de-Qi, many methods 
exist, such as the use of rotation, thrusting, stim- 
ulation of the needle handle (such as by scratch- 
ing or flicking) and electroacupuncture. The 
objective is to mobilize the needle in order to 
attract energy towards it and generate a response 
in the surrounding tissues (see chapter 2). Also, 
the therapist will notice a certain tension in the 
tissues surrounding the needle. 

On the other hand, when rotation is applied 
to the needle, this causes the mechanotransduc- 
tion phenomenon (mechanical stimulus) of the 
connective tissue (see chapter 2). This will 
trigger the main biocellular and physiological 
mechanisms of acupuncture which, to date, are 








FIGURE 15.18 =» Needle removal upon point LIl1 after 
several needle rotations have been performed. (Colour 
version of figure is available online). 


still only partially understood. For example, little 
is known regarding the effects on the tissue when 
performing needle rotations in order to obtain 
the de-Qi response in the area surrounding the 
needle. What has been proven, however, is that 
the resistance offered by the needle upon removal 
depends on the location of the puncture (or the 
acupuncture point) and that this increases with 
the frequency of needle manipulations (f gure 
15.18).°*°° Several studies have proved that acu- 
puncture produces multiple effects in the fbro- 
cytes and the surrounding connective tissues. 
The f brocytes can divide and participate in the 
maintenance and metabolic turnover of the 
matrix by releasing determined enzymes (matrix 
metalloproteinases). During scarring these can 
be transformed into contractile myof broblasts. 
Together with extracellular phosphorylation 
kinase, this generates gene expression, synthesis 
and secretion of proteins, modif cation of the 
extracellular medium and muscle contraction. 


15.9 ANATOMICAL DESCRIPTION 
OF THE MERIDIANS 


Below, we will describe the pathways of the main 
acupuncture meridians according to their exter- 
nal pathways, together with the location and 
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FIGURE 15.19 =» Lung meridian (Tsou Tai Yin). (Colour version of figure is available online). 


indications of the most important points, along 
with the corresponding anatomical relations.’’~*° 


15.10 LUNG (HAND TAI YIN) 


The path of the lung meridian runs from the 
thorax to the fngertips. There are 11 acupunc- 
ture points found along this meridian (f gure 
15.17): 

Its external pathway begins in the deltopecto- 
ral groove, at a distance below the clavicle, and 
it wraps around the anterior aspect of the shoul- 
der (anterior deltoid) and continues along the 
lateral border of the biceps brachii to the elbow 
(flexion crease, lateral to the tendon of the biceps 
brachi). This pathway then continues over the 
anteroexternal aspect of the arm (brachioradialis 
muscle), passing by the wrist between the tendon 
of the abductor hallucis longus and the radial 
artery, crossing the thenar eminence (radial 


border) and ending in the external nail border of 
the thumb. 
¢ Function. this is the master of energy, regu- 
lating water passage, as well as governing 
the health of the skin and the hair. The 
nose is its superf cial opening. 
¢ Most important points: LU11, LU9, LU7, 
LU6, LUS. 


15.10.1 LUI 


¢ Location: 0.1 ain proximal and lateral in 
the radial border of the nail of the thumb. 

¢ Indications: painful inflammation of the 
larynx and the pharynx, cough, dyspnoea 
and other illnesses of the respiratory 
pathways. 

¢ Cerebrovascular accident, hot flushes, dis- 
orders of consciousness accompanied by 
high fever. 

¢ Jing-well point. 
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FIGURE 15.20 =» Spleen meridian (Zu Tai Yin). (Colour version of figure is available online). 


15.402 LLY 


¢ Location: at the radial aspect of the distal 


volar wrist crease, external to the radial 
artery, ulnar to the tendon of the abductor 
hallucis longus muscle. 

Precaution: separate the radial artery 
towards the ulnar aspect beforehand. 
Indications: chronic lung pathology, 
dryness of the respiratory pathways, cough, 
dyspnoea, lack of energy, lack of vitality, 
not feeling like speaking. 

Neuromuscular joint disorders of the wrist 
(e.g. disorders of the radial nerve, rhizar- 
throsis, radial wrist pain, tenosynovitis). 
Point of systemic stimulation of the blood 
vessels. 

Tonif cation point of the LU meridian. 
Jing-well point. Ying-spring point. 


19.103: 7 


¢ Location: 1.5 ain proximal to the distal 


flexion crease of the wrist, proximal depres- 
sion of the styloid process of the radius, 
between the tendons of the brachioradialis 
and the abductor hallucis longus muscles. 
Considerations: frstly, lift the skin cover- 
ing the radial styloid process. 

Indications: cough, dyspnoea and other ill- 
nesses of the respiratory tracts (rhinitis). 


Radial paralysis, pain in the forearm, 
stenosing tenosynovitis, neck pain and 
nuchalgia (experience point). Bell’ palsy, 
migraine, cough, wrist weakness. Also used 
in tobacco addiction. 


¢ Lu-connecting point. Shu point. 


15.10.4 LU6 


¢ Location: 7 ain above the distal flexion 


crease of the wrist, in the internal radial 
aspect of the forearm, on the line joining 
LUS5 and LU9. 

Indications: cough, dyspnoea and other 
diseases of the respiratory system. Pain in 
the anterior aspect of the forearm (radial 
aspect). 


¢ Xi-cleft point. 


TS, 105) E15 


¢ Location: at the cubital crease, in the radial 


depression of the biceps brachii tendon 
(f gure 15.20). 

Indications: cough, dyspnoea, infectious ill- 
nesses of the superior respiratory tracts. 
Disorders of the skin and of the lung 
(mainly due to heat). 

Enthesopathy of the biceps brachii and 
the brachioradialis muscles, pain in the 
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FIGURE 15.21 = Large-intestine meridian (Tsou Yang Ming). (Colour version of figure is available online). 


anterolateral aspect of the elbow, pain irra- 
diated to the upper limb (in the path of the 
lung meridian). 

¢ Sedation point of the meridian. 

¢ He-sea point. 


15.11 LARGE INTESTINE (HAND 
YANG MING) 


This meridian runs from the tip of the second 
fnger to the face, and is where we can fnd 20 
acupuncture points (f gure 15.21). 

The external pathway begins in the external 
nail border of the second fnger, and runs along 
the dorsal radial border of the second metacar- 
pal bone. At the level of the wrist it passes in 
between the tendons of the abductor hallucis 
longus and extensor hallucis longus muscles 
(the anatomical snuffbox), and runs along the 
radial aspect of the forearm on the dorsal side to 
the lateral epicondylar region, continuing along 
the external side of the arm to the acromiocla- 
vicular joint. From this point it continues to the 
seventh cervical and supraclavicular fossa, rising 
along the posterior border of the sternocleido- 
mastoid muscle to the nasolabial sulcus, crossing 
above the lip to the nasogenian sulcus on the 
opposite side. 

¢ Function: this meridian acts upon the large 

intestine, but it has a very specifc action 
upon the head and the face. 

¢ Most important points: LI], LI2, LI4, 

LI15, LI6, LI7 and LI11. 


Pel Et 


¢ Location: 0.1 ain proximal and lateral to 
the corner of the nail on the radial side of 
the index f nger. 

¢ Indications: acute inflammation of the face, 
mouth and throat (e.g. phyaryngitis, tonsil- 
litis, mumps, periodontitis). Unconscious- 
ness, coma (used as a starter point or a 
f rst-aid measure). 

¢ Jing-well point. 


ke: 2 


¢ Location: on the radial side of the index 
fnger distal to the metacarpophalangeal 
joint, in the union of the head and neck of 
the proximal phalanx (ventral to the second 
metacarpophalangeal joint). 

¢ Indications: acute inflammation of the 
head, face, eyes, mouth and otorhinolarin- 
geal system. Motor and sensitive disorders 
of the second fnger, metacarophalangeal 
arthropathy of the second fnger. Distal 
point for mouth and teeth. 

¢ Ying-spring point. 


15.11.3 U4 


¢ Location: on the dorsal aspect of the hand, 
in the middle of the second metacarpal on 
the radial side (over the adductor hallucis 
muscle). 

¢ Indications: acute inflammation of the 
neck, head and face. 
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¢ Motor disorders of the wrist and fngers 
(thumb). Special-effect point over the head 
and the face. Effects on the uterus if ener- 
getically manipulated (contractions and 
abortion). 

¢ Yuan-source point. 


15.11.4 U6 


¢ Location: with the elbow slightly flexed, 5 
aun above the dorsal crease of the wrist, on 
the external aspect of the forearm, on the 
line that joins LIS and LI11. 

¢ Indications: acute inflammation at the 
otorhinolaryngological, ocular and mouth 
level, such as, for example, laryngitis, phar- 
yngitis, epistomatitis, rhinitis, epistaxis. 

¢ Xi-cleft point. 


5.11.5 Ul 


¢ Location: with the elbow flexed to 90°, 
between the lateral end of the articular line 
of the elbow (flexion crease) and the lateral 
epicondyle of the humerus. At its depth we 
fnd the extensor carpi radialis longus 
muscle. 

¢ Indications: acute inflammation at the level 
of the head and neck with fever and head- 
ache. Hives (helps calm the itching). Con- 
stitutes a symptomatic point in allergies. 

¢ Pain at the level of the elbow, the forearm 
and all the upper extremity. 

¢ Tonif cation point of the meridian. 

¢ He-sea point. 


15.12 STOMACH (FOOT 
YANG MING) 


The pathway of the stomach meridian is from 
the face to the toes. Forty-f ve points are distin- 
guished (f gure 15.22). 

Its external pathway begins in the inferior 
border of the eye orbit, descending vertically 
towards the mouth commissure, passing by the 
inferior maxilla and the mandible angle and 
ascending in front of the ear to the temporal 
zone (balding area above the forehead). From 
the inferior border of the mandible, it descends 
in front of the sternocleidomastoid muscle and 
the sternoclavicular joint, crossing the supracla- 
vicular fossa and descending vertically along the 
thorax at the level of the mammillary line (two 
distances from the midline) to the groin. It 
continues descending along the anteroexternal 
part of the thigh (vastus lateralis), the external 
knee compartment and the anterolateral aspect 


of the leg (tibialis anterior) to the neck of the 
foot, where it continues down the dorsum of 
the foot, ending in the external nail border of the 
second toe. 
¢ Function: this is a very important meridian 
due to its metabolic and energetic function 
regarding food. It also acts upon the face, 
mouth and teeth. 
¢ Most important points: ST 45, ST 42, ST 41, 
ST 40, ST 39, ST 37, ST 36 and ST 34. 


15.12.1 ST45 


¢ Location: 0.1 ain lateral to the nail border 
of the second fnger. 

¢ Indications: disorders of the sense organs 
(ears, eyes, mouth, nose, tongue). Odontol- 
ogy and otorhinolaryngology (odontology, 
rhinitis, sinusitis, epistaxis, inflammations 
of the pharynx and the larynx). Insomnia 
due to heat. 

¢ Jing-well point. 


15.12.2 ST42 


¢ Location: most elevated point of the 
dorsum of the foot, between the tendons of 
the extensor hallucis longus and the exten- 
sor digitorum longus muscles, over the 
dorsalis pedis artery (in the depression 
lateral to the pedal pulse). 

¢ Indications: gastralgia, flatulence. 

¢ Pain in the dorsum of the foot, loss of 
strength in the toes and the foot. Paralysis 
of the external popliteal nerve (drop foot). 

¢ Yuan-source point. 


15.12.3 ST41 


¢ Location: centre of the anterior transverse 
fold of the ankle joint, between the tendons 
of the extensor hallucis longus and the 
extensor digitorum muscles. 

¢ Indications: distal point important for 

frontal headaches, vertigo and stupor (of a 

yang-ming or anterior type). 

Important local point for the ankle joint 

(anterior impingement); residual anterior 

pain of the ankle. 

¢ Precaution: in deep insertions penetration 
will become intra-articular (risk of articular 
contamination). 

¢ Jing-river point. 


15.12.4 ST40 


¢ Location: 8 ain above the maximal promi- 
nence of the lateral malleolus, at the level 
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FIGURE 15.22 =» Stomach meridian (Zu Yang Ming). (Colour version of figure is available online). 
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of ST38 and 1 aun lateral (between the 
extensor digitorum longus and peroneus 
brevis muscles). 

¢ Indications: bronchial asthma, bronchitis, 
pneumonia and other illnesses with major 
mucus production. 

¢ Main point: (mucolytic action) elimination 
of phlegm or other substances insuff ciently 
metabolized by the body (e.g. digestion, 
mucus, triglycerides, calculus). 

¢ Mental and psychosomatic disorders, epi- 
lepsy (calms the shen or spirit). 

¢ Pain, paralysis and swelling of the lower 
limbs. 

¢ Luo-connecting point. 


IolZ 59 


¢ Location: 9 ain below the ST 36 (external 
eye of the knee) and 1 ain below ST 28, one 
fnger width lateral to the anterior aspect 
of the tibia. 

¢ Indications: regulates and balances the 
small intestine and illnesses of the small 
intestine. Pain and motor disorders of the 
lower limb. 

¢ He-sea point with special action on the 
small intestine. 


13.12.6 ST37 


¢ Location: 6 ain below ST35, one fnger 
width lateral to the anterior border of the 
tibia. 

¢ Indications: regulates and balances the large 
intestine, illnesses of the large intestine. 
Pain and motor disorders of the lower limb. 

¢ He-sea point with special action on the 
large intestine. 


15.12.7 ST36 


¢ Location: 3 ain below ST35, 1 aun lateral to 
the border of the tibialis anterior muscle, 
at the height of the distal border of the 
anterior tuberosity of the tibia (tibialis 
anterior muscle). 

¢ Indications: strengthening of the whole 
body, preventive action and reinforces the 
tonifying immunity of the Qi and of the 
blood, insuff ciency syndromes, weakness 
and convalescence. Disorders of the diges- 
tive system. 

¢ Pain, motor disorders and disorders of the 
lower extremities, stroke, paralysis of the 
common f bular nerve, hemiplegia. 

¢ He-sea point. 


15.12.8 ST34 


¢ Location: knee flexed, in the line joining 
the anterior superior iliac spine and the 
superolateral border of the knee, 2 ain 
proximal to this border. 

¢ Indications: this is an important local point 
for the knee. 

¢ Immediate and calming effect on gastroin- 
testinal motility. 

¢ Xi-cleft point to unblock stomach energy. 


15.13 SPLEEN (FOOT TAI YIN) 


The pathway for the spleen meridian begins at 
the toes until the thorax. It contains 21 points 
(f gure 15.20). 

The external pathway begins in the internal 
nail border of the big toe, passing over the inter- 
nal aspect of the foot and then in front of the 
medial malleolus and ascending along the inter- 
nal aspect of the leg, close to the tibial perios- 
teum, until it reaches the internal condyle of the 
femur. It then continues along the anterointernal 
aspect of the thigh (vastus medialis) to the groin, 
before entering the abdomen between the medi- 
ocostal line and the stomach meridian. It contin- 
ues ascending to the second intercostal space and 
descends to fnish at the level of the sixth inter- 
costal space, in the middle axillary line. 

¢ Function: its main action is upon the diges- 

tive system, but it also acts on the psyche, 
in transformation (digestion) and transport 
(distribution). Its superf cial opening is the 
mouth, emerging through the lips; it regu- 
lates the muscles and also nourishes the 
limbs. The spleen controls both the circu- 
lation and distribution of the blood. 

¢ Most important points: SP1, SP2, SP3, 

SP4, SP5, SP8. 


13.13.1 SPI 


¢ Location: on the medial side of the big toe, 
0.1 ain from the corner of the nail. 

¢ Indications: distension, oedema and sensa- 
tion of thoracic and abdominal fullness. 
Acute gastroenteritis. 

¢ Antihaemorrhagic. Regulates the blood. 

¢ Jing-well point. 


1513.2. SF 2 


¢ Location: distal depression of the metatar- 
sophalangeal joint of the frst toe, in the 
limit between the red and white skin 
(change of coloration of the skin of the 


sole as opposed to that of the dorsal part of 
the foot). 

¢ Indications: acute and chronic gastroen- 
teritis. Diarrhoea in digestive disorders. 

¢ Pathology of the big toe, tendinopathy of 
the big toe. Sesamoiditis. 

¢ Ying-point (spring). 


L133 SES 


¢ Location: proximal and plantar depression 
of the metatarsophalangeal joint of the 
big toe, at the limit between the red and 
white skin. 

¢ Indications: acute and chronic gastroen- 
teritis, acute and chronic dysentery, elimi- 
nates humidity. Digestive disorders. 

¢ Yuan-source point and shu-spring point. 


15.13.4 SP4 


¢ Location: distal and plantar depression on 
the base of the frst metatarsal, at the limit 
between the red and white skin. 

¢ Indications: acute and chronic gastritis, 
acute and chronic enteritis, acute and 
chronic dysentery. Flatulence and abdomi- 
nal pain due to diverse causes. 

¢ Calms the shen (eliminates obstruction in 
the chest). 

¢ Local point for metatarsalgias. 

¢ Luo-connecting point. 
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¢ Location: anterior and distal depression 
of the medial malleolus, at the midpoint 
between the tuberosity of the navicular 
bone of the tarsum and the tip of the medial 
malleolus. 

¢ Indications: articular, tendon and bone 
disorders of the ankle. Collateral medial 
ankle sprain, chronic and residual pain of 
the ankle, limitation of dorsal flexion, 
osteochondritis. 

¢ Precaution: in deep insertions the penetra- 
tion is intra-articular (there is a risk of 
articular contamination). 

¢ Sedation point of the meridian. 

¢ Jing-river point. 


15.13.6 SP8 


¢ Location: 3 ain below the internal tibial 
condyle (SP9), on the line that joins the tip 
of the medial malleolus and SP9. 

¢ Indications: chronic diarrhoea, chronic 
dysentery. Some gynaecological disorders 
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(irregular periods, dysmenorrhoea, uterine 
myomas, Ovarian cysts). 
¢ Xi-cleft point. 


15.14 HEART (HAND SHAO YIN) 


The pathway is from the thorax to the fnger- 
tips. Nine points are found along this meridian 
(f gure 15.23). 

The external pathway begins in the axillary 
fossa, passing by the internal border of the 
humerus, between the biceps brachii and the 
triceps brachii muscles until it passes in front of 
the medial epicondyle of the elbow. It continues 
to descend along the flexor carpi ulnaris muscle 
to become radial to the pisiform bone (Guyon’s 
canal). It then enters the palm of the hand 
(hypothenar eminence) and ends in the external 
nail angle of the little fnger. 

¢ Function: it has effects on the physiology 

and physiopathology of the heart. It con- 
trols the blood vessels, and also acts on 
mental traits (shen). The essence of the 
heart is reflected in the face and tongue and 
it controls the sense of taste. 

¢ Most important points: HE9, HE7, HE6, 

HES, HE 3: 


15.14.1 HE9 


¢ Location: 0.1 ain above and lateral on the 
radial side of the ffth fnger. 

¢ Indications: pain in the cardiac region, 
cardiac illness (functional). Mental and psy- 
chosomatic disorders. Calms the mind. 

¢ Tonif cation point of the meridian. 

¢ Jing-well point. 


15.14.2 HE/ 


¢ Location: ulnar aspect of the distal flexion 
crease of the wrist, radial depression of the 
tendon of flexor carpi ulnaris muscle, close 
to its insertion in the pisiform bone 
(Guyon’ canal). 

¢ Precaution: bear in mind the ulnar neurov- 
ascular bundle. 

¢ Indications: cardiac pain, palpitations and 
other coronary symptoms (functional). 
Mental disorders, psychosomatic and anxi- 
odepressive states (calms the shen), insom- 
nia, stage fright. 

¢ Disorders of the wrist (ulnar pain and 
pathology of the triangular f brocartilage). 

¢ Sedation point of the meridian. 

¢ Yuan-source and shu-spring point. 
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FIGURE 15.23 = Heart meridian (Tsou Shao Yin). (Colour version of figure is available online). 


15.14.3 HE6 15.14.5 HE3 


¢ Location: 0.5 ain above the distal flexion ° 
crease of the wrist, external in relation to 
the tendon of the flexor carpi ulnaris muscle. 

¢ Precaution: bear in mind the ulnar neurov- 


ascular bundle (Guyon’s canal). . 
¢ Indications: angina pectoris, epistaxis, hae- 
moptysis, haematemesis and other forms of ° 


haemorrhage through the orifces of the 
superior part of the body. 
¢ Xi-cleft point. 


15.14.4 HES ° 


¢ Location: | ai proximal to the distal flexor 
wrist crease, external in relation to the 


Location: elbow flexed, in the centre 
between the internal side of the elbow 
crease and the medial epicondyle of the 
humerus. 

Indications: pains of cardiac aetiology. 
Calms the shen (amportant calming point). 
Entrapment syndrome and neuropathy of 
the ulnar canal. Dysaesthesia and irradiated 
pain (ulnar territory). Medial epicondyle 
tendinosis and compartment syndrome of 
the forearm. 

He-sea point. 


tendon of flexor carpi ulnaris muscle. 15.15 SMALL INTESTINE 
¢ Indications: cardiac pain (functional), pal- (HAND TAI YANG) 


pitations. Psychoemotional lability. 


¢ Sudden aphonia, connection with the Its path goes from the fngers to the head. 
tongue. Nineteen points are found on this meridian 
¢ Luo-connecting point. (f gure 15.24). 
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FIGURE 15.24 = Small-intestine meridian (Tsou Tai Yang). (Colour version of figure is available online). 


Its external pathway begins at the internal nail 
border of the f fth f nger, passing along the inter- 
nal side of the ffth fnger and the dorsal aspect 
of the hand, then continues along the dorsal 
ulnar border to situate itself in the groove 
between the medial epicondyle and the ole- 
cranon, and then continues upwards along the 
posterior part of the arm. In the scapular zone it 
takes a zig-zag path over the supraspinatus and 
infraspinatus muscles, coinciding with scapular 
MTrPs. From here it heads towards the seventh 
vertebra and crosses the suprascapular fossa, 
ascending along the lateral neck area and cross- 
ing the inferior maxilla towards the cheekbone, 
ending in the anterior depression of the tragus, 
in front of the external ear. 

¢ Function: its actions are widespread. Apart 

from its effect on the organ, it acts upon 
the nape area, neck pain, pain in the scapu- 
lar area, and mental and _ fever-related 
disorders. 

¢ Most important points: SI1, SI3, S14, SI6, 

SI7, SI8. 


13.13.1331 


¢ Location: 0.1 an in the ulnar nail angle of 
the f fth fnger. 


¢ Indications: illness of the breast (e.g. acute 
mastitis, low milk supply after birth). 

¢ Fever, lack of sweating, pain in the 
pharynx and the larynx in the frst stage 
of a cold. 

¢ Loss of consciousness, starter point. 

¢ Jing-well point. 


13.15.2 SB 
¢ Location: fst slightly closed, ulnar aspect 
of the proximal transverse metacar- 


pophalangeal crease of the f fth f nger (limit 
between white and red skin). 

¢ Indications: eye inflammations. Epilepsy, 
mental and psychosomatic disorders. 

¢ Pain in the forearm, wrist and fngers. 
Distal point important for pain, rigidity, 
contracture along all the meridian and dis- 
orders of the cervical spine. Cervical syn- 
drome, low-back pain. Tonifying point of 
the meridian. 

¢ Shu-stream point. 


15.15.3 SI4 


¢ Location: ulnar border of the hand; depres- 
sion between the base of the f fth metacarpal 
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and the pisiform bone (limit between red 
and white skin) in the wrist crease. 

¢ Indications: pain in the ulnar wrist (trian- 
gular f brocartilage and instability). 

¢ Yuan-source point. 


15.15.4 SI6 


¢ Location: with the palm on the chest, in the 
external aspect of the forearm, in the proxi- 
mal and radial depression of the styloid 
process of the ulna. 

¢ Indications: pain in the upper extremity. 
Low-back pain. 

¢ Xi-cleft point. 


13.15.5 SI7/ 


¢ Location: external part of the forearm, 5 
aun proximal to the dorsal wrist crease (line 
joining SI5 and SIJ8). 

¢ Indications: mental and psychosomatic dis- 
orders, psychoemotional disorders. 

¢ Pain in the forearm. Cervicobrachialgia. 
Ulnar neuropathy. 

¢ Luo-connecting point. 


15.15.6 SI8 


¢ Location: groove between the olecranon 
and the medial epicondyle of the humerus. 
¢ Precaution: when performing a deep punc- 
ture, it is recommended to avoid the ulnar 


nerve. 

¢ Indications: epilepsy, mental and psy- 
chosomatic disorders (sedating and 
antispasmodic). 


¢ Cervicobrachialgia. Irradiated pain along 
the meridian pathway. Ulnar neuropathy. 

¢ Sedation point of the meridian. 

¢ He-sea point. 


15.16 BLADDER (FOOT TAI YANG) 


T his path runs from the face to the toes. There 
are 67 acupuncture points along this meridian 
(f gure 15.25). 

The external pathway begins in the internal 
corner of the eye and continues upwards over the 
forehead to the occipital bone in a pathway that 
is parallel to the midline, at a distance of approxi- 
mately | ain. From this point it divides into two 
branches: the frst runs across the back, parallel 
to the midline at a distance of 1.5 ain, passing 
over the sacral foramina and the posterior aspect 
of the thigh in its midline (where it overlaps with 
the sciatic nerve), to the popliteal fossa. The 


second branch descends vertically parallel to the 
midline at 3 an (at the level of the internal 
border of the scapula), goes across the gluteal 
zone and joins with the anterior branch in the 
popliteal fossa. From this point it continues 
descending along the midline between the two 
gastrocnemii, the tip of the lateral gastrocnemius 
and the external part of the Achilles tendon. It 
borders the external malleolus and continues 
along the external border of the f fth metatarsal 
bone to end up in the external nail border of the 
ffth toe. 
¢ Function: this meridian acts upon the pos- 
terior part of the genital and urinary organs. 
It also has effects upon the eyes, nose, head, 
nape region and the dorsal part of the back. 
¢ Most important points: BL67, BL65, BL64, 
BL63, BL58, BL40. 


15.16.1 BL67 


¢ Location: 0.1 ain behind the external nail 
border of the f fth toe. 

¢ Indications: headaches, rhinitis, epistaxis. 

¢ Malpositions of the fetus (moxa). Other 
disorders during labour (e.g. slow labour, 
placental abruption). 

¢ Tonif cation point of the meridian. 

¢ Jing-well point. 


15.16.2 BL65 
¢ Location: lateral aspect of the foot, in the 
proximal depression of the metatar- 


sophalangeal joint of the ffth toe (limit 
between red and white skin). 

¢ Indications: mental and psychosomatic dis- 
orders. Tension headache. 

¢ Local pain, pain in the posterior aspect of 
the leg. Sciatica S1. 

¢ Sedation point of the meridian. 

¢ Ying-spring point. 


15.16.3 BL64 


¢ Location: below the tuberosity of the f fth 
metatarsal. 

¢ Indications: epileptic seizures. Ischiolum- 
balgia. Keratitis. 

¢ Yuan-source point. 


15.16.4 BL63 


¢ Location: below the anterior border of the 
lateral malleolus, distal to the cuboid bone. 
¢ Indications: epileptic seizures. Low-back 
pain. Pain at the level of the lateral malleolus. 
¢ Xi cleft point. 





FIGURE 15.25 = Bladder meridian (Zu Tai Yang). (Colour version of figure is available online). 
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15.16.5 BL58 


¢ Location: 7 ain above BL60 (lateral malleo- 
lus), 1 aun lateral and inferior to BL57, 
between the lateral gastrocnemius and the 
soleus muscle. 

¢ Indications: haemorrhoids, tension head- 
aches, rhinitis, epistaxis. 

¢ Luo-connecting point. 


15.16.6 BLAO 


¢ Location: centre of the knee crease (pop- 
liteal fossa). 

¢ Indications: benef cial for the back and the 
knees. Sudden disorders of consciousness 
in the brain and cerebrovascular illnesses. 
Motor disorders, pain and spasms in the 
lower limbs. 

¢ Low-back pain. Irradiated pain from the 
lower limbs. Vascular pathology of the 
lower limbs. Knee pain (popliteal). 


| KID10 
4 





¢ Acute and chronic gastroenteritis. 

¢ Precaution is advised with popliteal cysts 
(Baker). 

¢ He-sea point. 


15.17 KIDNEY (FOOT SHAO YIN) 


The pathway of the kidney meridian runs from 
the feet to the thorax and contains 27 acupunc- 
ture points (f gure 15.26). 

Its external pathway begins in the sole of 
the foot, continuing along the arch towards 
the navicular bone and the posterior part of the 
medial malleolus, where it loops around the 
inferior part of the ankle to continue upwards 
along the medial aspect of the tibia, alongside 
the anterior border of the Achilles tendon, and 
continues to the knee in the internal part of the 
popliteal fossa. It then continues medial in the 
thigh (gracilis muscle) to the pubic spine. It 
continues along the abdomen parallel to the 
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FIGURE 15.26 = Kidney meridian (Zu Tai Yin). (Colour version of figure is available online). 


midline at 0.5 ain to the thorax (f fth intercostal 
space), which is situated at 2 an from the 
midline, ending at the level of the sternoclavicu- 
lar joint. 
¢ Function: the kidney meridian acts upon 
the urinary tracts, genital organs, intestines 
and lungs. Also upon the hearing system, 
the bones and the follicle system. 
¢ Most important points: KID1, 
KID4, KID5, KID7, KID 10. 


KID3, 


15.17.1 KIDI 


¢ Location: in the depression which forms in 
the anterior part of the sole of the foot 
(between the second and third metatarsal) 
when performing plantar flexion, approxi- 
mately in the transition between the ante- 
rior and middle third of the sole of the foot. 

¢ Indications: chronic laryngitis and pharyn- 
gitis. Aphonia of a psychosomatic origin. 
Urine retention. Headaches, vertigo and 
stupor. Pain in the sole of the foot. 

¢ Sedation point of the meridian. 

¢ Jing-well point. 


15.17.2 KID3 


¢ Location: the depression formed in the 
maximal protuberance of the medial malle- 
olus and the Achilles tendon (0.5 ain pos- 
terior to the medial malleolus). 

¢ Indications: hypertension, vertigo, stupor. 
Chronic laryngitis, chronic pharyingitis, 
tinnitus, deafness. Disorders of masculine 
and feminine sexual function. Motor disor- 
ders of the lower limb. Strengthening of 
the inferior aspect of the back (local point). 

¢ Yuan-source point and ying-spring). 


15.17.3. KID4 


¢ Location: 0.5 qin inferior and posterior 
KID3, medial border ofthe Achilles tendon. 

¢ Indications: chronic bronchitis. Constipa- 
tion. Urinary retention. Heel pain. Poste- 
rior ankle impingement syndrome. 

¢ Luo-connecting point. 


15.17.4 KIDS 


¢ Location: below and behind the medial 
malleolus, 1 ain below KID3, in the medial 
depression of the calcaneal tuberosity. 

¢ Indications: some gynaecological disorders 
(e.g. irregular periods, amenorrhoea, uter- 
ine prolapse). 

¢ Xi-cleft point. 
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15.17.5 KID7 


¢ Location: 2 aim above KID3, anterior to 
the Achilles tendon. 

¢ Indications: regulates and balances sweat 
and body fluids. Scarce or exaggerated 
sweating (together with LI4). Oedema 
(water regulation). Strengthens the lumbar 
region. 

¢ Tonif cation point of the meridian. 

¢ Jing point-river. 


15.17.6 KIDIO 


¢ Location: internal portion of the popliteal 
fossa, with the leg flexed, between the 
tendons of the semitendinosus and the 
semimembranosus muscles. Located at 
the same level as BL40. 

¢ Indications: disorders of male sexual func- 
tion (impotence). Anovulatory disorders, 
dysfunctional uterine haemorrhage. Knee 
joint pain. Tendinopathy of the pes anseri- 
nus, bursitis. 

¢ He-sea point. 


15.18 PERICARDIUM 
(HAND JUE YIN) 


Its pathway goes from the thorax to the fngers. 
T his meridian contains nine points (f gure 15.27). 
The external pathway begins lateral to the 
nipple, goes upwards above the axilla and 
descends along the internal part of the arm, 
accompanying the vasculonervous bundle to the 
anterior elbow, where it is situated medial to the 
tendon of the biceps brachii muscle. It then con- 
tinues along the medial aspect of the forearm 
between the radius and the ulna. In the wrist it 
passes between the tendons of the flexor carpi 
radialis and the palmaris longus muscles, cross- 
ing the palm between the second and third meta- 
carpals and ending at the tip of the third fnger. 
¢ Function: the pericardium meridian acts 
upon the precordial region, the chest, the 
palms of the hands and the internal aspect 

of the forearms up to the axilla. 
¢ Most important points: P9, P7, P6, P4, P3. 


15.18.1 P9 


¢ Location: in the centre of the tip of the 
third fnger. Some authors locate it on the 
external nail border of the same f nger. 

¢ Indications: cerebrovascular illness, heat 
stroke, vasovagal syncope and high fever (as 
an emergency measure). 
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¢ Tonif cation point of the meridian. 
¢ Jing-well point. 


In, 162 PF 


¢ Location: centre of the distal articular 


crease of the wrist, between the tendons of 
the palmaris longus and the flexor carpi 
radialis muscles. 

Indications: angina pectoris. Mental and 
psychosomatic disorders, epileptic seizures 
(sedating and spasmolytic action). 

Carpal tunnel syndrome (take care not to 
manipulate the needle; there is a direct 
relation with the median nerve). 

Sedation point of the meridian. 
Yuan-source point and ying-spring point. 


15.18.3 P6 


¢ Location: 2 ain proximal to the distal wrist 


crease, between the tendons of the palmaris 
longus and the flexor carpi radialis muscles. 
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FIGURE 15.27 = Pericardium meridian (Tsou Jue Yin). (Colour version of figure is available online). 


EL07A 


Indications: angina pectoris, palpitations, 
feelings of thoracic fullness. Disorders of 
consciousness and hemiplegia in cerebrov- 
ascular illness. Factors of internal aetiology 
(anxiety-depressive disorders). 

Gastralgia, nausea and vomiting. 

An important point for decongestion of the 
chest and the stomach. 

Pain and motor disorders of the forearm. 
Main point for nausea and vomiting during 
pregnancy. Prescription: SP4 + P6. 
Luo-connecting point. 


15.18.4 P4 


¢ Location: internal aspect of the forearm, 5 


cain proximal to the distal wrist crease, 
between the tendons of the flexor carpi 
radialis and the palmaris longus muscles. 
Indications: angina pectoris, palpitations, 
feelings of thoracic fullness, palpitations in 
coronary cardiopathies. Antihaemorrhagic 
action in haematemesis and epistaxis. 
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FIGURE 15.28 = Triple burner meridian (Tsou Shao Yang). (Colour version of figure is available online). 


¢ Unspecifc pains of the volar aspect of the 
forearm. N europathies (median nerve) and 
irradiated pain. 

¢ Xi-cleft point. 


lols FS 


¢ Location: centre of the elbow crease, ulnar 
to the tendon of the biceps brachii muscle 
(between the tendon and the _ brachial 
artery). 

¢ Indications: angina pectoris, feelings of 
thoracic fullness, palpitations in coronary 
cardiopathies. Gastralgia, nausea and vom- 
iting in acute gastritis. 

¢ Local important point. 

¢ He-sea point. 


15.19 TRIPLE BURNER/SANJ TAO 
(HAND SHAO YANG) 


Its pathway runs from the fngers to the face. 
Twenty-three points are located along this 
meridian (f gure 15.28). 


Its external path begins in the internal nail 
border of the fourth fnger. From here it runs 
along the dorsum of the hand between the fourth 
and f fth metacarpals, ascending along the dorsal 
side of the forearm to the radius and ulna. It then 
passes along the olecranon fossa and continues 
along the posterior border of the arm and shoul- 
der, reaching the supraclavicular fossa and 
ascending around the external ear, ending at the 
outer end of the eyebrow. 

¢ Function: the triple burner meridian acts 

upon the external portion of the eye, the 
ear, the periauricular region, and the elbows 
and shoulders. 

¢ Most important points: TBl, TB3, TB4, 

TBS, TB7. TB10. 


I5.19,1 J] 


¢ Location: 0.1 an from the ulnar nail border 
to the fourth fnger. 

¢ Indications: acute inflammations of the 
pharynx and larynx, acute amygdalitis. 

¢ Hearing disorders (e.g. deafness, tinnitus). 
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¢ Benef cial for ears and tongue. 
¢ Jing-well point. 


13.19.24 13 


¢ Location: dorsum of the hand, proximal to 
the metacarpophalangeal joint of the fourth 
fnger, angle between the heads of the 
fourth and f fth metacarpals. 

¢ Indications: hemicranial headache. Acute 
inflammation of the eyes (e.g. conjunctivi- 
tis, keratitis). 

¢ Important distal point for hearing/hearing 
disorders (e.g. deafness, tinnitus). 

¢ Pain and motor disorders of the upper 
extremity and the hand. Clears the head 
and the eyes. 

¢ Radial nerve paralysis (wrist drop). 

¢ Tonif cation point of the meridian. 

¢ Ying-spring point. 


15.19.3 TB4 


¢ Location: centre of the dorsal wrist crease, 
in the ulnar depression of the common 
extensor tendon and radial to the tendon of 
the extensor digiti minimi muscle. 

¢ Indications: pain in the shoulder, the back 
and the wrist. 

¢ Yuan-source point. 


15.19.4 ‘TBS 


¢ Location: 2 ain proximal to the dorsal wrist 
crease, between the ulna and the radius. 

¢ Indications: fever, eye inflammation, hear- 
ing disorders (deafness, tinnitus). 

¢ Pain and motor disorders of the shoulder, 
back, upper extremity and hand. 

¢ Analgesic point for the upper extremity 
(e.g. shoulder, elbow). 

¢ Closes the external wind barrier (factors of 
external aetiology). 

¢ Luo-connecting point. 


15.19.5 TB7 


¢ Location: 3 am above the dorsal wrist 
crease, exterior to T B6, in the radial border 
of the ulna. 

¢ Indications: deafness, epilepsy. 

¢ Xi-cleft point. 


15.19.6 TBI1O 


¢ Location: with the elbow flexed, in the 
depression | ain above the olecranon distal 
point. 

¢ Indications: pain at the shoulder, the arm 
and the elbow joint. Epilepsy. 


¢ Non-specifc lymphadenitis and tubercu- 
lose lymphadenitis of the neck, the nape 
and the axilla. Enthesitis of the triceps 
brachu. 

¢ Sedation point of the meridian. 

¢ He-sea point. 


15.20 GALL BLADDER 
(FOOT SHAO YANG) 


Its pathway goes from the face to the toes. 
Forty-four points are found on this meridian 
(i gure 13.29). 

The external pathway begins in the outer 
corner of the eye and surrounds the external ear 
to the mastoid process. From here it forms 
another arch over the temporal region until the 
forehead and then moves back with a slight devi- 
ation at the nape, passing over a portion of the 
superior trapezius towards the shoulder and the 
anterior aspect of the axilla. It continues in a 
zig-zag path along the lateral border of the 
thorax to the hip, crossing the piriformis muscle 
(posterior part of the coxofemoral joint) and 
descending along the lateral aspect of the leg 
(iliotibial tract), the head and lateral aspect of the 
fbula, the anterior border of the lateral malleo- 
lus, the dorsum of the foot (between the fourth 
and ffth metacarpal) and ending in the external 
nail border of the fourth toe. 

¢ Function: the gall bladder meridian has 

effects over the outer corner of the eye, 
the temporal zone, the nape, the lateral 
portion of the thorax and abdomen, the 
gluteals and the external aspect of the leg 
and foot. 

¢ Most important points: GB44, GB43, 

GB40, GB38, GB37, GB36, GB34. 


15.20.1 GB44 


¢ Location: 0.1 an posterior to the corner of 
the nail on the lateral side of the fourth toe. 

¢ Indications: hemicranialheadache, acute eye 
inflammations (conjunctivitis). Tinnitus. 

¢ Jing-well point. 


15.20.2 GB43 


¢ Location: between the fourth and ffth 
metatarsophalangeal joint, the border of 
the interdigital space between the fourth 
and ffth toe (limit of red and white skin). 

¢ Indications: hypertension. Hearing disor- 
ders (deafness, tinnitus). Illnesses of the gall 
bladder. 

¢ Tonif cation point of the meridian. 

¢ Ying-spring point. 
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FIGURE 15.29 = Gall bladder meridian (Zu Shao Yang). (Colour version of figure is available online). 
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15.20.3. GB40 


¢ Location: anterior and inferior to the exter- 
nal malleolus in a depression on the lateral 
side of the tendon of extensor digitorum 
longus muscle. 

¢ Indications: some acute eye inflammations. 
Illnesses of the gall bladder. Pain in the 
lateral malleolus, hemiplegic supinated 
foot. Lateral ankle ligament sprain. Chronic 
ankle pain. 

¢ Precaution: in deep insertions the penetra- 
tion is intra-articular (there is a risk of 
articular contamination). 

¢ Yuan-source point. 


15.20.4 GB38 


¢ Location: 4 ain superior to the maximum 
elevation of the lateral malleolus, anterior 
border of the f bula. 

¢ Indications: hemicranial headache (lateral 
or shao-yang). Lateral thoracic pain, the 
lateral side and the lower extremities. 
Hemiplegia in cerebrovascular accident. 

¢ Sedation point of the meridian. 

¢ Jing-river point. 


15.20.5 GB37 


¢ Location: 5 ain superior to the maximum 
elevation of the lateral malleolus, in the 
anterior border of the f bula. 

¢ Indications: ocular illnesses; keratitis, night- 
blindness, glaucoma. Sensation of tension 
and pain in the breast (initial stage of mas- 
titis). Pain and loss of strength in the leg. 

¢ Luo-connecting point. 


15.20.6 GB36 


¢ Location: 7 ain above the maximum eleva- 
tion of the lateral malleolus, in the anterior 
border of the f bula. 

¢ Indications: depressive disorders. Intercos- 
tal neuralgia. 

¢ Xi-cleft point. 


15.20.7 GB34 


¢ Location: anterior-inferior and _ distal 
depression of the head of the f bula; between 
the peroneus longus and the extensor digi- 
torum longus. The needle can reach the 
interosseous membrane and the epineural 
tissue of the peroneal nerve. 

¢ Indications: gall bladder illnesses and dis- 
orders of the bile ducts, such as cholecysti- 
tis or cholelithiasis. 


¢ Pain at the knee joint. Hemiplegia, hem1- 
paraesthesias and pain affecting one-half of 
the body due to cerebrovascular disease. 

¢ Systemic stimulation point for tendons 
(tendons, muscles and joints). 

¢ He-sea point. 


15.21 LIVER (FOOT JUE YIN) 


Its pathway goes from the toes to the thorax. 
Fourteen points are found along this meridian 
(f gure 15.30). 

Its external pathway begins in the external 
nail border of the big toe, continues along the 
dorsum of the foot between the frst and second 
metatarsal and then becomes anterior to the 
internal malleolus, crossing with the meridian of 
the spleen and ascending along the medial border 
of the tibia. Under the knee it crosses again with 
the spleen meridian and continues along the 
internal aspect of the knee and thigh to the 
groin. It continues its ascent to the ribcage, 
ending at the level of the sixth intercostal space 
on the mammillary line. 

¢ Function: the liver conserves and stores 

blood. It drains energy and regulates blood 
circulation. It controls the tendons, muscles 
and nails. Regulation of the vision. 

¢ Most important points: LIV], LIV2, LIV3, 

LIVS, LIV6, LIV8. 


15.21.1 UVI1 


¢ Location: 0.1 aim from the tip of the exter- 
nal nail of the big toe. 

¢ Indications: external abdominal hernias, 
dysfunctional uterine haemorrhage. Vesical 
illnesses (retention and urinary inconti- 
nence), infection of the urinary tract (bal- 
ancing and regulating action). 

¢ Jing-well point. 


15.21.2 UV2 


¢ Location: between the frst and the second 
toe, interdigital border for the skin between 
the limit of the red and white skin. 

¢ Indications: hypertension. Some gynae- 
cological disorders, dysfunctional uterine 
haemorrhage, dysmenorrhoea, amenor- 
rhoea. Infection of the urinary tract, urinary 
incontinence. 

¢ Cardiovascular 
accident. 

¢ Sedation point of the meridian. 

¢ Ying-spring point. 


illness, cerebrovascular 
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FIGURE 15.30 = Liver meridian (Zu Jue Yin). (Colour version of figure is available online). 


15.21.3 UV3 


¢ Location: in the angle formed by the frst 
and second metatarsals, in the proximal 
metatarsophalangeal depression. 

¢ Indications: hypertension. Menstrual dis- 
orders. Incontinence and urinary retention. 
Mental and psychosomatic disorders, epi- 
leptic seizures. Clears the head. Acts upon 
the eyes. Pain and motor disorders of the 
lower extremity and foot. 

¢ Yuan-source point and shu-spring point. 


15.21.4 LVS 


¢ Location: 5 ain superior to the maximal 
protuberance of the medial malleolus, 
centre of the internal aspect of the tibia. 

¢ Indications: gynaecological disorders, such 
as irregular menstruation, inflammation of 
the lower pelvis, uterine prolapse. Acute 
inflammation of the external genitals in the 
male, scrotal hernia. Thigh pain. 

¢ Luo-connecting point. 


15.21.5 UV6 


¢ Location: 7 ain above the maximal protu- 


berance of the medial malleolus, in the 
centre of the internal aspect of the tibia. 


¢ Indications: haemorrhagic uterine anovu- 


latory dysfunction. External abdominal 
hernias. 


¢ Xi-cleft point. 


15.21.6 UV8 


¢ Location: flexed knee, internal border of 


the knee crease, behind the internal femoral 
epicondyle, depression of the anterior 
border of insertions of the semimembrano- 
sus and semitendinosus muscles. 
Indications: some gynaecological disorders 
(genitals, uterus), especially vulvar pruritus. 
Disorders of male sexual function. Pain and 
motor disorders of the knee joint and the 
lower extremities. Medial gonalgia. Enthes- 
itis of the pes anserinus. 


¢ Tonif cation point of the meridian. 
¢ He-sea point. 
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In this section we will add two of the regulatory 
vessels that are included with the principal 
meridians due to the fact that they are the only 
ones of the eight that present their own points. 


15.22 CONCEPTION VESSEL 
(REN MAT) 


Its pathway goes from the perineum to the 
chin. This meridian contains 24 points (f gure 
15.31). 

Its external pathway begins in the perineum, 
between the genital area and the anus, passing 
through the body along the anterior midline, 
abdomen and thorax, ending in the mentolabial 
sulcus. 

¢ Function: it is considered a general energy 

reservoir, with regulating action acting 
upon it. It also has genitourinary, digestive 
and respiratory effects. 





¢ Most important points: REN4 REN6, 
REN 12, REN 17. 


15.22.1 REN4 


¢ Location: in the anterior midline, 3 ain 
below the umbilicus, 2 ain above REN2 
(pubis). 

¢ Indications: all states of weakness (strength- 
ens the body and reinforces health). Illnesses 
of the urinary tracts, urine retention, 
urinary incontinence. Disorders of male 
sexual function, prostatitis. Gynaecological 
and obstetric disorders. 

¢ Mu-alarm point of the small intestine. 


15.22.2 REN6 


¢ Location: in the anterior midline, 1.5 ain 
below the umbilicus. 
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FIGURE 15.31 = Conception vessel meridian. (Colour version of figure is available online). 


¢ Indications: all states of weakness (strength- 
ens the body and reinforces immune func- 
tion. Gynaecological disorders. Disorders 
of male sexual function. 


[5.22.3 REIN 


¢ Location: in the anterior midline, 4 ain 
above the umbilicus. 

¢ Indications: acute and chronic gastroen- 
teritis. Gastric ulcer, gastralgia. Acute and 
chronic cholecystitis. Hiccups. 

¢ Mu-alarm point of the stomach and reunion 
point of the viscera. 


15.22.4 RENI7 


¢ Location: in the anterior midline, at the 
level of the fourth intercostal space, in the 
centre between both nipples. 

¢ Indications: coronary cardiopathy. Bron- 
chial asthma, spastic bronchitis. Low milk 
supply. 

¢ Mu-alarm point of the pericardium and 
reunion point of vital energy. 
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15.23, GOVERNING VESSEL 
(DU MAT) 


Its pathway runs from the coccyx to the superior 
maxillary bone. It consists of 28 points (f gure 
13.52). 
Its external pathway begins at the tip of the 
coccyx and it runs through the whole lumbar, 
dorsal cervical and nape zones along the poste- 
rior midline, continuing along the head, fore- 
head and nose and ending in the upper gum. 
¢ Function: it is considered to be a general 
energy reservoir, acting upon the physical, 
mental and otorhinolaryngological spheres. 
It acts upon rigidity of the vertebral column 
and heaviness of the head. 

¢ Most important points: 
DU20. 


15.23.1 DU4 


¢ Location: in the posterior midline, in the infe- 
rior depression of the L2 spinous process. 

¢ Indications: disorders of male sexual func- 
tion (impotence). Some gynaecological and 


DU4, DU14, 


cco 


FIGURE 15.32 = Governing vessel meridian. (Colour version of figure is available online). 
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TABLE 15.9 Summary of the main points classified by meridian 





Meridian Ting Tonification Sedation 

LU EEG EWS JELUIs: 

LIV 1 LIV LIV11 1b) 

ST ASST ST41 ST45 

SP ISP SEZ SP5 

HE 9HE HE9 lil aby 

SI 1SI S13 S18 

BE 67BL BL67 BL65 

KID 1KID KID7 KID1 

I ge lee) ee, 

TB 1TB TB3 TB10 

GB 44GB GB43 GB38 

LIV 1LIV LIV8 LIV2 
obstetric disorders. Epileptic seizures. 


Low-back pain. 


15.23.2 DUI4 


¢ Location: In the posterior midline, in the 
inferior depression of the C7 spinous 
process. 

¢ Indications: persistent high fever, colds, flu. 
Cervical syndrome. Epilepsy. 


15.23.3, DU20 


¢ Location: in the midline, 5 ain behind the 
midpoint of the ideal anterior hairline, in 
the centre, between the ears. 
¢ Indications: acute cerebrovascular accident. 
Headache; vertigo and stupor. Anal and 
rectal prolapse. Uterine prolapse. 
In table 15.9 the integrations between the main 
acupuncture points are presented by meridians. 


15.24 DESCRIPTION OF THE 
TECHNIQUE: TREATMENT MODEL 
USING THE TENDINOMUSCULAR 
MERIDIANS 


15.24.1 Definition 


The TMM correspond with the representation 
of the muscles, tendons and ligaments found 
along the main meridian pathways, sharing most 
of the pathway within its external path. 


15.24.2 Functions 


The main functions of the TMM are the distri- 
bution of energy (wei) and the blood through the 
musculoskeletal system and blocking the access 
of perverse energies to deeper planes with the 


Luo Yuan Back Shu Front Mu Xi cleft 
LU7 LU9 BL13 JEON LU6 
LI4 BL25 ST25 LI7 
ST40 ST42 BL21 REN 12 ST34 
SP4 SP3 BL20 LIV13 SP8 
HES HE7 BLI15 REN 14 HE6 
SI7 S14 Bly, REN4 S16 
BLS8 BL64 BL28 REN3 BL63 
KID4 KID3 Bs GB25 KIDS 
Rey) BL14 REN17 P4 
TBS TB4 Bi22 RENS5S ARE %) 
GB37 GB40 BL19 GB24 GB36 
is LIV3 BL18 LIV14 LIV6 


ensuing worsening of the illness. T hus, this con- 
stitutes defensive functions towards illness.” 
This treatment model is indicated in the 
approach of any pathology originated in the 
musculoskeletal system that is found within 
the area of influence of the meridian. Osteomus- 
cular pain is, according to Chinese medicine, a 
localized pain in the secondary paths, such as the 
TMM. Therefore these are the frst line of 
defence in the interior of the body in order to 
neutralize perverse exogenous energy. A battle is 
thus established between the biological energy 
(wei) and the pathological energy that produces 
a stagnation of energies in the meridian, leading 
to stagnation of blood and causing the appear- 
ance of an acute osteomuscular pain. This pain 
is due to an aggression of perverse external 
energy to a TMM, which can be caused either 
by repeated microtraumas or by a more intense 
trauma, which can produce a pain of yang-type 
characteristics, which are: 
¢ pain: of an acute onset that tends to remit 
at rest, which worsens with movement, 
increases with heat and decreases with cold 
¢ flushing: redness and an increase in 
temperature 
¢ tumour: oedema 
¢ functional impotence: incapable of move- 
ment. 


15.24.3 Objectives of treatment 
with tendinomuscular meridians 


The main objectives are: 

¢ Extract the perverse energy through the 
Jing points of the affected meridians, which 
are very analgesic points for emergency 
treatments, and through the Ashi points, 
which are to be superf cially punctured and 
thread-needled. 

¢ Impede progression of the perverse ener- 
gies to deeper planes by increasing the 


A 


Ashi : 
+ thread-needled i 


*Tf painful 
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B 
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~ thread-needled + 


*If painful 


Tng | + of the remaining affected meridians 


FIGURE 15.33 = Treatment protocol with tendinomuscular meridian. (A) In the case of only one affected tendi- 
nomuscular meridian. (B) In the case of more than one affected tendinomuscular meridian. 


energy flow of the main meridian. For this 
purpose, puncture of the following points 
is used: 
° tonifcation and yuwan-source points of 
the main meridian 
¢ Luo-connecting points of the coupled 
meridian. 
In order to check whether the perverse energy 
has penetrated to deeper planes, press on the 
luo point of the affected meridian: if it is 
painful, it means the perverse energy has gone 
deeper and this point (/uo) must be punctured 
perpendicularly. 


15.24.4 Working protocol 


The working protocol of the TMM treatment 
model is as follows (f gure 15.33): 
¢ localization of the painful points and iden- 
tifcation of the most affected meridian 
(or the one that has the most painful 
points) 
* puncture of the Jing point of the most 
affected meridian 
* puncture of the tonifcation point of the 
most affected meridian 
¢ puncture of the yuan point of the affected 
meridian and the luo of the coupled 
meridian 
¢ puncture of the Ashi points (painful under 
pressure and spontaneously) and the local 
painful points 
¢ verifcation of whether the Juo point of 
the affected meridian is painful under 
palpation. 
The Ashi points are treated with needles super- 
fcially and thread-needled using some of the 
following techniques: 
* surrounding the painful zone with several 
dispersed needles 
¢ use of an electrodispersion technique: con- 
tinuous waves, with a pulse width of 
200-250 us, at a high frequency (60 Hz or 
more) and a tolerable intensity. 





FIGURE 15.34 = Acupuncture 
lum bar region. 


application over the 


15.25 CLINICAL CASE 


15.25.1 Herniated disc with LS—-S1 
irradiation (f gure 15.34) 


The patient is a 40-year-old woman (a bank 
clerk), who spends extended periods of the day in 
a sitting position both at the off ce and at home. 

Personal history and reason for consultation: she 
has suffered from frequent episodes of low-back 
pain, with a feeling of weakness in both lower 
limbs and generalized asthenia which she treats 
with non-steroidal anti-inflammatory drugs and 
muscle relaxants on demand. Recently, she suf- 
fered from a flare-up, with pain irradiating to the 
right leg along the LS5—S1 region. 

When she came for consultation she pre- 
sented with fluctuating pain of moderate inten- 
sity in the lumbopelvic region, pain in both 
sacroiliac joints, more intense on the left, and 
pain with paraesthesias in the right lower limb 
from the gluteus to the lateral ankle. 

Physical ecam: she presents with pain and 
hypertonia in response to palpation of the para- 
vertebral lumbar muscles, as well as the piri- 
formis, iliopsoas and quadratus lumborum 
muscles on the right side. She has positive scle- 
rotome pain in L4—L5-S1 segments, and general 
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hypoaesthesia of the whole limb. The der- 
matome f ndings reaff rm greater involvement of 
the L5—S1 segment. 

From the point of view of TCM she presents 
with pain under palpation of the back shu points 
(BL23-BL32); furthermore, the pain irradiation 
corresponds with the pathway of the urinary 
bladder meridian and is tender under palpation 
of BL56, BL57, BL58 and BL34 points. 

She was seen by the traumatology service and 
a magnetic resonance image scan was performed. 
It revealed focal protrusion of the posterior and 
central border of the L5—S1 disc, compatible 
with a herniated disc. 

The patient received pharmacological treat- 
ment consisting of Celebrex® and Myolastan®, as 
well as physiotherapy consisting of magneto- 
therapy, thermotherapy, analgesic electrotherapy 
and manual therapy for 2 weeks. During this 
period she referred to a discrete alleviation of 
symptoms; however, occasional irradiation into 
the right lower limb persisted, more intensely 
towards the sacroiliac joints. 


(Clinical case continued on page 491) 
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ELECTROACUPUNCTURE 


Antonio Garcia Godino ¢ Roberto Sebastian Ojero ¢ Francisco Minaya Munoz 


The sceptic is someone who does not believe in science, but who believes in 
himself; he believes enough in himself to dare to deny science and to affrm that 
science is not bound by fxed and determined laws. The doubter is the true scientist; 
he only doubts himself and his interpretations, but he believes in science. 
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16.1 INTRODUCTION TO 
ELECTROACUP UNCTURE 
AND ACU-TENS 


According to the World Health Organization, 
the Western understanding is that the term 
acupuncture: 


is used in its broad sense to indude traditional 
body needling, maxibustion, electric acupuncture 
(electro-acupuncture), laser acupuncture (photo- 
aaipuncture), micrasystem acupuncture such as 
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ear (auriatlar), face, hand and scalp 
acupuncture, and acupressure (the application of 
pressure at selected sites). 


Electroacupuncture (EA) is a technique that 
combines the action of acupuncture with that of 
electrical stimulation of the points, via needles, 
with the objective of producing an intense 
analgesic effect. It consists of the general appli- 
cation of a transcutaneous electrical nerve stimu- 
lation (T ENS)-type current to the acupuncture 
needles in order to increase the therapeutic 
effects. EA generates an increased Qi and blood 
response within the acupuncture points and a 
greater biological stimulus with polarity changes 
of those same points, hence the use of the term 
acu-T ENS — the combination of acupuncture 
and TENS. 

EA is mainly indicated for the treatment of 
pain via the production of analgesia. It is gener- 
ally used where manual acupuncture 1s indicated, 
especially when acupuncture does not achieve 
the expected results, or when it 1s necessary to 
apply a stronger stimulus in order to generate 
any of the following: 

¢ a greater dispersion or sedation effect 

¢ an enhanced tonifying effect 

¢ to provide relief in processes of Qi and 

blood stagnation 

¢ in order to produce a greater response in 

acute, subacute, chronic and _ fbrosis 
pathologies, where other techniques may 
have failed. 
According to different authors, the alleviation 
of pain with acupuncture cannot be attributed 
simply to a placebo effect, as stimulation with 


acupuncture produces changes within the trans- 
mission of pain, blocking it at different levels of 
the central nervous system.*” 

Certain pathologies exist in which one can 
affrm that the benef cial effects of acupuncture 
and classic electrotherapy are multiplied when 
using EA, as long as a good praxis is performed 
and a series of precautions, indications and con- 
traindications are considered.” 

The main benef ts of EA are: 

¢ improvement of microcirculation 

¢ elimination of local algogenic substances 

¢ production of an anti-inflammatory effect 

¢ in cases of increased tone, it helps decrease 

the tone of the smooth-muscle f bre. 


16.1.1 Characteristics of 
electroacupuncture: parameters 


Most commonly, EA uses TEN S-type currents 
such as rectangular asymmetrical biphasic pulses. 
However, other types of TENS waveforms are 
also employed, such as symmetrical biphasic 
waves, triangular biphasic waves, spike-like 
biphasic pulses and monophasic pulses (e.g. 
square, triangular) (f gure 16.1).’ 

During the stimulation phase, the surface of 
the area is equal to the area of the compensation 
phase. In contrast, the compensation phase is not 
wide enough to generate an active potential. 
Consequently, this type of TENS current does 
not have galvanic effects, as the net galvanic 
effect of the asymmetrical rectangular impulse 
is zero (or rather, it produces zero values or 
values very close to zero). Therefore, it is a type 
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FIGURE 16.1 = Pulse waveform 
of the transcutaneous electrical 
nerve stimulation-type currents 
used in electroacupuncture. 
(Colour version of figure is 
Time available online). 


of electrotherapy without polarity or without 
galvanism. 

In accordance with the premises of classical 
electrotherapy, the cathode (negative electrode) 
is the most stimulating electrode and, therefore, 
the electrode that provides the greater effect. 
Hence, this electrode is applied in the area where 
more effectiveness is sought and where it will be 
used as a native electrode.” 


16.1.2 Types of acu-TENS and 
biological basis 


16.1.2.1 Basis 


T he biological foundation of acu-T ENS is based 
on the following points: 

¢ The physiological purpose of TENS 
(used in analgesic mode) is to activate dif- 
ferent groups of nerve fbres selectively 
in order to trigger the analgesic mecha- 
nisms that produce clinically signif cant 
pain relief.” 

¢ TENS currents work by inhibiting trans- 
mission of nociceptive information to 
the spinal cord, thus reducing central 
sensitization.” 

¢ The action of the electrical impulses 
manages to inhibit the painful stimulus, 
favouring an increase in the production 
of natural analgesic substances (f- 
endorphins).° 

¢ A current is generated in the area of the 
lesion that triggers biological repair, ensur- 
ing migration of the necessary cells towards 
the lesion area.” 

¢ Several studies point to a relation between 
direct electrical currents and the process of 
cell mitosis (or cell growth), as live tissues 
naturally tend to produce electric poten- 
tials which help to control the scarring 
processes of injuries.’* 


16.1.2.2 ‘Types 


¢ Western TENS: this is the conventional 
device commonly used by physiotherapists 
(box 16.1). 
¢ Chinese TENS: these are devices that have 
been used in China since ancient times to 
stimulate acupuncture points (box 16.2). 
The types of Chinese electric waves used (con- 
tinuous, intermittent and dense-disperse waves) 
correspond with the continuous or interrupted 
waveforms, periodically interrupted waves and 
modulated waves (frequency modulation, ampli- 
tude modulation or both) which are commonly 
used in the West. 
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Characteristics of Western 
TENS 


PARAMETERS 


¢ Waveform: asymmetrical biphasic square (in 

general) 

Frequency: 1-150 Hz 

¢ Pulse width: 50-250 ms 

Controls: 2 or 4 

ewBatery) lor Vor 220) V7. 

Can be used in conventional or burst mode 

* i hes devices scan be sponables(Ie5.y sor 9° V7 
battery) or fxed (220 AC/DC) 

¢ The intensity is dosed in milliamps (1 mA = 
10° A) 
Adaptors can be found (2-4 mm female to male 

for a variety of outlets). 


135 OD, @ Kv 


Characteristics of Chinese 
transcutaneous electrical 
nerve stimulation 


PARAMETERS 


¢ Waveform: asymmetrical biphasic rectangular 

(in general, although there are many that work 

with monophasic pulses) 

Frequency: 1-150 Hz 

¢ Pulse width: 50-250 ms 

Controls: 4, 6, 8, 10 

¢ Battery: 9 V (2) or 220 AC/DC 

Wave types: continuous, intermittent and 

dense-disperse 

¢ Outlets: 4-10 pairs of electrodes with fliform 
needles (metal handle) 

¢ The intensity is dosed in milliamps (1 mA = 
10° A) 


The Chinese devices are usually light, more 
straightforward to use and cheaper, although 
they must bear a CE mark or the equivalent 
(f gure 16.2A). Recently, Enraf-N onius®-Spain 
and PRIM® have developed the frst Western 
device (Physio Invasiva® ) (f gure 16.2B) to apply 
different electrotherapy modalities (TENS, 
microcurrents (MCRs), galvanic current, high- 
voltage pulsed current) through the needle. 

Figure 16.3 shows the results of an oscillo- 
scope analysis of the waveforms used in these 
devices. 


16.1.3 Clinical application 
of electroacupuncture in 
physiotherapy 


As a reminder of the premises of classical elec- 
trotherapy, it is important to consider that, 
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FIGURE 16.2 = Electrotherapy equipment. (A) Chinese 
devices commonly used in treatments with electroa- 
cupuncture. (B) Physio Invasiva®: the first Western 
device to apply different electrotherapy modalities 
through a needle. (Colour version of figure is avail- 
able online). 
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FIGURE 16.3 = Oscilloscope analysis of the waveforms of Chinese transcutaneous electrical nerve stimulation. 


(Colour version of figure is available online). 


within aconventional physiotherapy programme, 
in each outlet provided by a device, two elec- 
trodes are used; these are known as the anode (or 
positive electrode) and the cathode (or negative 
electrode). The cathode is the most active and 
stimulating electrode; it acts upon the axon by 
exciting and depolarizing it (1.e. both the nerve 
and muscle cells), accompanied by propagation 
of the action potential. In turn, the anode (or 


positive electrode) hyperpolarizes the axon, thus 
inhibiting the action potential. Nonetheless, the 
stimulus produced by both electrodes has benef - 
cial effects for the treatment of pain.” 

T he form of application is thus bipolar, mainly 
seeking interpolar effects over the polar effects. 
The bipolar application can be transverse (leav- 
ing the structure to be treated in the centre — 
commonly used for articular and capsular 


applications) or longitudinal (for tendons, liga- 
ments, muscles). 


16.1.3.1 Most frequent applications 


1. Analgesic applications: the electrodes are 


applied in the region with the most pain, 
clinically symptomatic areas, points that 
are tender to palpation, or areas that 
were confrmed as being positive during 
exploratory testing. These points are 
called Ashi acupuncture points or points 
of local pain. 


. Vasotropic applications: the cathode is 


placed central to the heart as a distal thera- 
peutic mode (in relation to the anode) or 
proximally (by placing the cathode in the 
region of more sensitive innervation and 
the anode distally). 


. Intramuscular applications (motor point): 


EA is used in the myofascial trigger points 
(MTrPs) that correspond with acupuncture 
points. Special consideration with regard 
to the anatomy, function and innervation 
of the muscle or muscle group within 
which we are seeking a response is recom- 
mended. The purpose of this application is 
to activate the motor efferents in the myo- 
tomes related to the origin of pain.””' 


. Applications on the huatuo jiaji points 


(paravertebral points): these are stimulated 
bearing in mind their metameric corre- 
spondence and the segmental level impli- 
cated. Such applications are indicated for 
the treatment of painful syndromes, local 
facet syndromes and rheumatism. For this 
application we shall consider the corre- 
spondence with the organs and viscera 
(according to the Zhang-Fu theory of tra- 
ditional Chinese medicine [TCM]). This 
is especially interesting in the autonomic 
nervous system together with areas that 
depend on autonomic innervation (sympa- 
thetic and parasympathetic systems). 


KEY POINTS 


The huatuo jiaji points (paravertebral points) 
tend to respond very well to treatment with EA. 
In this type of treatment there are several points 
worth bearing in mind: 


¢ The locations of the huatuo jiaji are selected 


according to the level of the rheumatism. 
Electrical stimulation can be performed begin- 
ning with low frequencies (2—5 Hz), later 
increasing to higher frequencies (50-100 Hz), 
in order to decrease the habituation effect. 
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5. Clinical applications in the common 
pathologies seen in physiotherapy clinics 
include: 

a. pathologies of the musculoskeletal sys- 
tem: periarthropathies, coxalgia, gonal- 
gia, tendinopathies, bursitis, fasciitis, 
sprains, muscular fbrosis, muscular 
contractures, nerve paralysis, backache, 
sciatica (also for the symptomatic treat- 
ment and recovery of a range of muscu- 
loskeletal pathologies, in situations of 
chronic pain, neuralgia and recurring 
pain) 

b. as a form of functional treatment for 
the remaining body systems, such as the 
reproductive, cardiovascular, respiratory, 
gastrointestinal, genitourinary systems 

c. other pathologies: those secondary to 
the adverse effects of medicine, conva- 
lescence, insomnia, stress, additions 
and states of anxiety, etc. 

6. Applications in general acupuncture points: 
the more generic points are activated via 
stimulation or tonif cation of the contrib- 
uting systems (according to the Chinese 
methodology)'*”: 

a. ST 36: ailments of the stomach and the 
abdomen 

b. BL40: ailments of the dorsolumbar 
region 

c. LU7: ailments of the head and neck 

d. L1I4: ailments of the face and mouth 

e. SP6: female ailments; lower abdomen 
and lower limbs 

f. P6: ailments of the thoracic cavity. 


16.1.4 Precautions and 
contraindications 


We will continue by describing the various 
precautions and contraindications associated 
with EA. 


16.1.4.1 Precautions 


¢ As a general rule, do not go beyond the 
midline in the region of the cardiac plexus 
in order to avoid producing interferences 
between the sinus rhythm and the cardiac 
nerves of the sympathetic trunk. 

¢ Be aware of the presence of neurovascular 
bundles: exercise special precaution when 
introducing intense needle manipulation 
techniques and EA directly over these areas. 

¢ Be aware of patients who may be especially 
sensitive, such as the elderly, patients in 
convalescent care, malnourished or obese 
patients. 
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In the case of a vasovagal response, or cardiovas- 
cular depression, hypotension, loss of conscious- 
ness or vomiting, proceed by extracting the 
needle, placing the patient in a secure position 
and stimulating the so-called ‘resuscitation 
points’ for the restoration of yang. An effective 
technique consists of stimulating the GV25 and 
GV26 points using a light pinch or by stimulat- 
ing any of the Jing-well points (this is a wide- 
spread method of resuscitation used in China). 


16.1.4.2 Contraindications 


¢ Pregnancy. EA is contraindicated due to 
the risk of abortion. Mainly this is true for 
infraumbilical points (due to the connec- 
tion with the fetus), lumbosacral roots 
(these depend on abdominal innervation) 
and points that mobilize the blood of the 
inferior Jiao and the uterus (LI4 and SP6). 
Some studies mention the possibility of 
using acupuncture symptomatically as long 
as risk points are avoided. 

¢ Children during their growth years: meta- 
diaphyseal regions, areas of bone growth 
and points such as ST36 are contraind1- 
cated as these can produce stunted growth 
(this is an empirical observation, bearing in 
mind that there is no scientif c evidence to 
support this theory). 

¢ Epilepsy: EA may increase the risk of epi- 
leptic attack and seizures. 

¢ Active neoplastic processes: avoid active 
tumoral zones due to the possible risk of 
cell multiplication. However, EA can be 
used to treat the secondary effects of degen- 
erative autoimmune illnesses such as cancer 
or other immunocompromised situations. 
T he idea is that the energy systems may be 
improved as well as the gastrointestinal 
metabolic system. 

¢ Always consider possible cardiac disorders 
(cardiac decompensation), coagulation ill- 
nesses, skin problems, sensory alterations 
and infections. All of these are considered 
relative contraindications. 

¢ EA should not be used on the viscera and 
appendages. 


16.2 MECHANISM OF ACTION 


16.2.1 The neurophysiology of 
electroacupuncture 


16.2.1.1 Generalities and objectives 


One of the objectives sought by EA is to produce 
an immediate inflammatory response and to 


initiate the self-defence system of the patient’s 
body in response to pathology and cell damage. 
In this manner, the body acts by generating 
anti-inflammatory substances and autologous 
mechanisms for pain control. Furthermore, an 
activation of the small-diameter afferents of the 
muscle (A-6 fbres) occurs, causing a muscular 
contraction and activity of the receptors of the 
type 3 group of afferents (GIII). 

As a general rule, in the treatment of chronic 
pain, stimulation and tonif cation are preferably 
performed with low frequency and high inten- 
sity. However, for the treatment of acute pain, 
sedation and dispersion are preferred with the 
contrasting parameters of high frequency and 
low intensity.'*'° 


KEY POINTS 


In the treatment of chronic pain, stimulation 
with low frequency and high intensity is per- 
formed for a maximum of 30 minutes (signs of 
fatigue may appear due to the visible muscular 
contraction). The objective is to achieve a stimu- 
lation or tonif cation of the tissue in the presence 
of numbness and organic states of insuff ciency 
or apoplexies, according to Chinese medical 
methodologies. In the treatment of acute pain, 
high-frequency and low-intensity stimulation is 
preferred for a duration of 15—20 minutes. The 
aim is to produce sedation or dispersion of the 
acute process or the excess, in line with Chinese 
medical practices. 


16.2.1.2 Mechanisms 


The impulses generated by EA in the small- 
diameter afferent fbres (A-6) of the muscles, 
motor point, myotome and site of pain will 
trigger the following mechanisms (f gure 16.4): 
¢ Extrasegmental analgesia: via the activation 
of descending pathways that inhibit pain, 
causing liberation of endogenous opioids 
in the superior nervous centres: the peri- 
aqueductal grey matter, the nucleus raphe 
magnus, the paragigantocellular nucleus 
of the raphe and the thalamic elements 
(caudate nucleus, accumbens nucleus, 
limbic system). 
¢ Segmental analgesia: similar to the general 
effects of classical electrotherapy (a similar 
effect to conventional TENS applied per- 
cutaneously). Activation of the A-6 occurs 
and generates the ‘gate-control’ phenom- 
enon or the closing of the ‘nerve gates’, and 
modulation of neural coding at the level of 
the spinal cord, thus inhibiting incoming 
noxious information.'° 








Motor point 
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Fibres type I 


FIGURE 16.4 = Effect of electroacupuncture on the motor point in order to trigger neuromuscular responses and 
stimulation of the higher nervous centres. TENS, transcutaneous electrical nerve stimulation. (Adapted from: 
Watson T. Electroterapia: Practica basada en la evidencia. Barcelona: Elsevier; 2009). 


KEY POINTS 


The phasic muscular contractions that are 
produced with the application of EA generate 
activity of the small-diameter muscle afferents, 
activating the inhibitory paths of descending 
pain and producing both types of analgesia — 
segmental and extrasegmental. 


On the other hand, EA facilitates the release 
of different substances in different areas within 
the nervous system: 

¢ At the spinal level: enkephalins, endor- 

phins, y-aminobutyric acid system and 
dynorphins. Pain is blocked presynapti- 
cally, inhibiting the system of ascending 


information along the spinothalamic 
pathway (anterolateral). 
¢ In the midbrain: enkephalins, 5- 


hydroxytryptamine, noradrenaline. These 
neurotransmitters inhibit pain pre- and 
postsynaptically. They modulate the 
ascending information along the spinotha- 
lamic tract (they activate the centres of 
nucleus raphe magnus and of periaque- 
ductal grey) and send descending signals 
along the dorsolateral pathway of the spinal 
cord. 

¢ Along the hypothalamic—pituitary—adrenal 
axis: B-endorphins, adrenocorticotrophic 
hormone and the hormonal system. 

¢ In the central nervous system: EA activates 
the central cerebral mechanisms and pro- 
motes internal homeostasis. 


16.2.1.3 Application modalities: forms 
and methods 


Some applications for the use, form and meth- 
odology of EA are: 

¢ The 10 Hz frequency (or intermediate fre- 
quency) is systematically the most com- 
monly used by contemporary authors 
(in bioenergetics and cosmetic patholo- 
gies)./”" 

¢ The most frequently used points for the 
treatment of lumbar pain with acupuncture 
are DU4 and BL23, together with EA in 
local points (Ashi) and in extra-articular 
points (huatuo jiaji). The distal points are 
found in the territory of the bladder (pos- 
terior), gall bladder (lateral) and stomach 
(anterior) meridians.”! 

¢ Lundeberg performed a randomized con- 
trolled trial in chronic lumbar pain and 
observed that EA at 2 Hz produced better 
results than manual acupuncture and EA at 
80 Hz.” 

¢ Eriksson et al.*’ performed studies of the 
use of EA in bursts; this produced a more 
tolerable muscular contraction than that of 
single pulses at low frequency and pro- 
voked the liberation of central endorphins. 
Sjélund™ also affrmed that a frequency of 
80 Hz is more effcient in order to calm 
pain. 

¢ Treatments with EA are performed at low 
frequencies (l1-4Hz) in a _ continuous 
manner and with a pulse width duration of 
200 ms.” Omura” also uses high intensities 
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for the sake of producing a muscular con- 
traction and triggering a response in the 
superior nervous centres. 





KEY POINTS 


Several clinical studies indicate that elecroacu- 
puncture could offer better results than manual 
acupuncture and transcutaneous electrotherapy 
in lumbar and sciatic pain. 





16.2.2 Clinical expertise and 
electroacupuncture 


Clinical and professional experience is decisive 
for the placement of acupuncture needles, as 
there is no set path to follow in order to perform 
that ‘perfect’ treatment. 

In the practice of EA, clinical experience has 
shown that treatment does not consist of blindly 
following a set of agreed protocols or miraculous 
formulas, but rather it is the professional who 
must determine the mode of action and the fre- 
quency with regard to the phase of pathology, 
and depending on the aetiology and symptoms 
of each individual clinical case. 


16.3 DESCRIPTION OF 
THE TECHNIQUE 


16.3.1 Electroacupuncture of the 
Ashi points 


16.3.1.1 Concepts and characteristics 


The Ashi points are points that are painful on 
palpation and which usually produce clinical 
symptoms in the patient. These traditionally 
correspond to the painful palpation points theo- 
retically def ned by Sun Si Miao, as they do not 
normally coincide with points within the acu- 
puncture channels (acupuncture points). 

In TCM these are known as ashi or Aashi-xueé, 
translated as: ‘oh yes’. 


KEY POINTS 


Where there is pain there 1s an Ashi point, and 
acupuncture and moxibustion can be applied 
directly over local areas of pain. In the clinic, the 
Ashi points can produce benef cial therapeutic 
effects in pain and rheumatism syndromes. 





The Ashi points are characterized by”’: 
¢ leukocyte infltration and inflammatory 
hyperplasia 


¢ fbroblastic proliferation with serof brinous 
exudation 

¢ lipid inf Itration 

¢ loss of transverse strands of the skeletal 
muscle with the formation of fbrous 
nodules due to local secretion of nocicep- 
tive substances. 


16.3.1.2 Methodology 


T he application of EA in the Ashi points is based 
on the use of the technique of thread needling, 
with the needle inserted at an angle of 30-45° to 
the skin surface, and searching for the painful 
region. Several pairs of needles can be used (e.g. 
two, four, six, eight) according to the intensity of 
pain, its location and pathology. The pairs must 
face each other, with the focal point of pain in 
the centre of the needles (f gure 16.5). 

The needles to be used for the performance 
of this method must be 1 inch or 1.5 inch (25 or 
40 mm) in length and 0,25 mm, 0,26 mm or 
0,30 mm in diameter. 

In general (according to the praxis of TCM), 
high frequencies are used for electrodispersion 
where there is acute yang-type pain and in order 
to sedate the structure that is found to be in 
excessive pain. High frequencies can also be 
combined at the beginning of the treatment, 
together with low frequencies at the end. An 
effective and very commonly used method is the 
alternation of 60 Hz and 4 Hz (15 minutes and 
5 minutes). 

In any case, the best placement of the elec- 
trodes heavily relies on the clinician’s clinical and 
professional experience and should be adjusted 
according to the pathology, aetiology and symp- 
toms of each individual clinical case. 





FIGURE 16.5 = Thread needling technique applied over 
local pain sites or Ashi points. (Colour version of 
figure is available online). 
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FIGURE 16.6 = Electroacupuncture with intramuscular application in scapular acupuncture points, using the ‘zigzag 
points of the scapula’ corresponding to the small-intestine meridian for the treatment of local symptoms at this 
level; the points are SI9-SI13. (Colour version of figure is available online). 


16.3.2 Intramuscular 
electroacupuncture 


16.3.2.1 Concept and characteristics 


Intramuscular EA consists of the application of 
needles over the MTrPs that coincide with the 
acupuncture points. Furthermore, it is in parallel 
with the Ashi points (as they are also points that 
are sensitive to pain). 

Local acupuncture points that coincide with 
MTrPs are used. The difference of EA applied 
intramuscularly is that, normally, these intra- 
muscular points are not punctured 1n an isolated 
manner but are combined with other classical 
acupuncture points, such as opening points, 
special-effect points, row points and master 
points. 

This procedure can be applied in myofascial 
pain syndrome, mainly within intramuscular 
points, and related to clinical manifestations of 
cervicalgia, dorsalgia, low-back pain, pseudo- 
sclatica syndrome (piriformis syndrome), lateral 
epicondylalgia and scapular pain. It may also 
be applied in areas where there are clinically 
relevant acupuncture points that can clearly be 
pathognomonic with myofascial pain syndrome. 


16.3.2.2 Methodology 


The professional will decide which parameters 
are to be used in EA for the purpose of proper 
therapeutic practice, thus optimizing the results 


based on what has been previously described. 
The intramuscular needles, after correct inser- 
tion, should remain in the site for 20 minutes. 
T he most common clinical application of this 
technique is within large-muscle regions.”*”” 
° sais eae girdle (f gure 16.6): 
superior trapezius: GB21 (apex point of 
the lung, taking care not to produce a 
pneumothorax) 
¢ levator scapulae: SI14, SI15 
° teres major: SI9 
¢ infraspinatus: SI11 
° supraspinatus: S112, SI13 
¢ muscle bellies of the forearm: extensor 
carpi radialis: SI10, SI11, S112 
¢ lumbopelvic girdle: piriformis: GB30 (a 
50 mm needle may be used) 
¢ head and face: masseter: ST 6 
¢ lower limb: 
° rectus femoris: 
ST 34 
¢ triceps surae: BL55, BL56, BL57, BL58. 
The technique of intramuscular puncture is 
applied in clear myofascial pain syndromes, and 
not used on isolated points but, rather, in com- 
bination with other acupuncture points. 


Sal, Si32. S133, 


16.3.3, Hlectrolipolysis 
16.3.5.1 Concept 


Electrolipolysis consists of implanting various 
pairs of needles in areas of fat accumulation, with 
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EA taking place via connection of the needles 
with a device that generates low-frequency cur- 
rents similar to TENS. 


16.3.3.2 Physiopathology of obesity 
and cellulalgia 


The main functions of the hypodermis are ther- 
moregulation, trauma absorption, caloric reser- 
voir and participation in the metabolism of fat 
and water. 

Atrophy of the hypodermic tissue occurs due 
to a lax connective tissue formed by large lobules 
of fat tissue and limited by septum formed by 
fbres of thin collagen tissue and few elastic 
f bres. Due to this process of atrophy, a decrease 
in the functions of caloric reservoir and ther- 
moregulation occurs, and this facilitates the 
appearance of wrinkles, flaccidity and loose- 
hanging skin. 

The flaccidity associated with cellulite occurs 
due to intrinsic ageing associated with the most 
severe grades of cellulite, due to vascular involve- 
ment and the influence of the effect of gravity 
of the fat lobules upon the septum of the col- 
lagen tissue f bres, the elastic fbres, and over 
the dermis itself. With the appearance of flac- 
cidity associated with cellulite, an alteration in 
the amount, width and quality of f brous bands 
occurs. 

The common zones of fat accumulation are 
the abdominal and side regions, the thighs, the 
internal aspect of the knees, the posterior arm 
region and the double-chin area. In clinical prac- 
tice it is important to be thorough and really to 
get to know the tissue upon which we are working 
in order to avoid producing iatrogenesis. 


16.3.3.3 Characteristics and effects 


Electrolipolysis allows one to: 
¢ modify the permeability of the adipocytes, 
eliminate their fat, decrease localized fat 
deposits and areas of accumulation and thus 
increase diuretic metabolism 


¢ slim down 

¢ eliminate flaccidity and mould the body. 
T hese generalities depend on the type of patient, 
the location of the fat, size of fat deposits, etc.. 


16.3.3.4 Methodology 


The region where the treatment is applied is 
within the hypodermic tissue (subdermis).”° 

For this type of EA technique, long needles 
are used (at least 1.5 ain or 40 mm; the most 
recommended are 2 ain or 50 mm). This tech- 
nique is described using needles of 30 mm or 
32 mm in diameter in order to cover the largest 
quantity of fat tissue and thus favour the lipolytic 
effect (table 16.1). 

According to TCM, Japanese-type needles 
without a needle head or guide tube are used. 

The needles must be facing each other and 
must not touch each other in order to prevent 
producing a short circuit of the system (f gure 
16.7). 

T he professional must be able to go through 
the cellular tissue and orient the needle towards 
the region of fat on which he or she will be 
working. 

Available on the market are bifurcators and 
Y-adaptor cables that multiply the outlets, so 
that the areas of fat accumulation to be treated 
can be increased. 

T he EA that is used in this procedure consists 
of TEN S-type currents applied in a specif c way 
over the adipocyte. 

T he therapeutic procedure consists of select- 
ing a fold of fat upon which to act on the adipose 
tissue. 

The needles are placed facing each other in 
parallel and without touching. 


16.3.4 Electroacupuncture in scars 
16.3.4.1 Concept and characteristics 


Considering the physiopathology of the system 
of channels and meridians, one must bear in 


TABLE 16.1 Electroacupuncture technique in the lipolysis phases 





Phase First phase Second phase Third phase Fourth phase 

Effect Ionizer Vasodilation Drainage Tonification (retraction 
(evacuation) (stagnation) of the skin and 

adipose tissues 

Intensity Sensitive Higher intensity Decrease the Intensity according to 
(according to intensity, only tolerance 
tolerance) sensitive 

Frequency > Hz 20 EZ 40 Hz 40 Hz 

Type of wave Dense-disperse Intermittent Tui na Continuous 


Time 20 minutes 20 minutes 


20 minutes 20 minutes 
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FIGURE 16.7 = Electrolipolysis procedure for the area of fat accumulation of the anterior abdomen. Long needles 
are used with a medial to lateral orientation, pinching the fat region in order to access the subcutaneous tissue. 
Japanese needles of 0.32 x 40 mm are used. (Colour version of figure is available online). 








Points to be 
unblocked 


FIGURE 16.8 = Caesarean-section scar that cuts across 


the two meridians of the kidney and the Ren Mai 
meridian. One needle is positioned proximally, and 
another distally on both sides of the scar, unblocking 
the energetic channels of Ren Mai, and both kidney 
meridians, as well as providing an additional local 
effect. (Colour version of figure is available online). 


mind the energy blockages caused by scars along 
the meridian paths. 

According to TCM, a scar is an interruption 
of the circulation of energy (Qi) and the blood 
system (Xue) and produces a sensation of pain, 
emptiness, pins and needles and dysaesthesias 
and can even trigger more profound illnesses, as 
well as chronic and/or organic pain. 


16.3.4.2 Methodology 


For this technique of EA, needles are inserted on 
both sides of the scar that is interfering with the 
course of the meridian (these do not necessarily 
have to exactly coincide with the described acu- 
puncture points) (f gures 16.8 and 16.9).'°°' 








FIGURE 16.9 = Electroacupuncture applied on a scar in 
the lumbar spine. (Colour version of figure is available 
online). 


16.3.5 Monopolar stimulation 
16.3.5.1 Concepts and characteristics 


Monopolar stimulation refers to stimulation of 
the body’ nerves via electric currents using 
single-electrode TENS. 

T his modality of EA is applied with the objec- 
tive of alleviating different types of pain: acute, 
subacute, chronic and postoperatory. 

Any part of the body can be induced in order 
to produce a signal that allows for the location 
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of a point, depending on the amount of energy 
used at that location. 


16.3.5.2 Methodology 


In clinical practice, there are several forms of EA 
treatment using monopolar stimulation of the 
acupuncture points. 

There are devices of cutaneous electrocon- 
ductivity (measuring electric resistance of the 
skin and its voltage) that can help determine the 
correct location of the acupuncture points (diag- 
nostic function). As well as fulf lling a diagnostic 
function, these can be used therapeutically, stim- 
ulating the acupuncture point with local TENS 
and thus triggering a therapeutic response (in 
symptomatic acupuncture, in active zones of the 
lesion or in the perilesional area). 

These systems of monopolar stimulation 
are also used in the microsystems and in 
reflex systems, e.g. reflexology, auriculotherapy, 
acupuncture of the hand, craniopuncture in both 
modalities — diagnostic as well as therapeutic. 


16.3.5.3 Types 


¢ Acu-pen stimulator: this is a portable point 
stimulator. It is used to test the location of 
the acupuncture points, as well as for stim- 
ulation with percutaneous electrotherapy. 
The EA stimulus can also be created via 
the needle for approximately 10 seconds 
(f gure 16.10). 

¢ Pointer Plus stimulator: this is also a port- 
able point stimulator. It locates and stimu- 
lates acupuncture points and trigger points 
of myofascial pain with a high degree of 
precision. It has a sound and light indicator 
for pulse detection and two interchangea- 
ble probes (for body points and auriculo- 
therapy). It generates continuous pulses of 
TENS-type waves (asymmetric biphasic) 
and the intensity ranges from 0 to 22 mA. 
It also provides stimulation of a fxed and 





FIGURE 16.10 = Acu-pen stimulator. (Colour version of 
figure is available online). 


continuous frequency (8-10 Hz) with a 
pulse width of 240 us. An EA stimulus can 
also be performed via the needle for 
approximately 10 seconds (f gure 16.11). 
Prior to the application of the stimulator, 
one has to adjust the settings to the thresh- 
old and the level of sensitivity of the patient. 
¢ Ryodaraku or electric point detector: the 
Ryodaraku health monitor is a multipur- 
pose instrument for measuring the Ryodor- 
aku energy of the meridians and for 
applying EA and electrostimulation treat- 
ments. This device has a neurometer of 
great precision for determining the inten- 
sity of the electric current and performing 
bionergetic measurements. It has an asym- 
metric biphasic TENS-type square wave, 
and has outlets for connections with elec- 
trode handles, searching electrodes, elec- 
trode pads for therapy and commutators of 
function for diagnosis, measurement and 
treatment. It exercises a constant pressure 
on the points or affected areas, providing 
greater precision during the location of the 
points to be treated. 
All these devices of monopolar EA (acu-pen, 
Pointer-Plus, Ryodaraku) can be used on any 
acupuncture point, both for diagnosis (testing 
function) as well as for treatment of the free 
nerve terminals of any region. 

In the back, correspondence with the huatuo 
jiaji Ex-B2 or paravertebral extra points can be 
sought (f gure 16.12). Their location can serve 
as a guide to fnd a response in the proximal 





FIGURE 16.11 = Application with a pointer stimulator 
along metameric levels of the spine. (Colour version 
of figure is available online). 
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FIGURE 16.12 = Evaluation and treatment of the different segmental levels or huao jiaji points Ex-B2 or ‘paraver- 
tebral’ points for pathology ofthe upper limbs and Zhang-Fu theory. (Colour version of figure is available online). 


nerve root for treatment of a distal pathology. 
Over these levels, peripheral sensitization tech- 
niques can be used (e.g. the skin-rolling tech- 
nique) while searching for the stimulus at the 
level of the metamere, the hyperalgic zones 
and areas with allodynia. This is where the 
desensitizing treatment can be performed with 
monopolar EA, reducing the level of nociceptive 
activity of the cells on the dorsal horn of the 
spinal cord. 

As a clinical example, monopolar EA can be 
used to locate points along the gall bladder 
meridian (found at a distance around the ear) 
and along the triple heater meridian (at two 
distances). The points to be stimulated would 
be those that came out positive in diagnostic 
tests for hearing disorders, tinnitus and lateral 
headaches. 


16.3.6 Acupuncture in 
peripheral paralysis 


Treatment with EA is commonly used in cases of 
alterations of the peripheral nerves, such as facial 
paralysis, paralysis of the radial nerve, paralysis 
of the common peroneal nerve, sensorimotor 
disorders, dysaesthesias and hypoaesthesias. 

It is important always to rely on a medical 
diagnosis together with the corresponding 
medical treatment and, better still, to have access 
to complementary follow-up tests (i.e. neuro- 
physiological studies such as electromyography). 


16.3.6.1 Electroacupuncture in 
peripheral paralysis 


¢ The effects of EA in peripheral paralysis 
are improvement of speed of neuromuscu- 
lar conductivity, increase in number of 


muscle f bres and increase in muscle, nerve 
and blood capacity. 

¢ EA acts upon the motor points of the 
muscle (stimulation) and produces muscle 
contractions. T his stimulus can be directed 
towards the nerve terminals using T EN S- 
type impulses. 

¢ Strong stimulations tend to sedate, whereas 
light stimulations tend to excite. It is 
important to consider that tonif cation will 
mainly occur with low frequencies and 
interrupted pulses. 

¢ Ideally, the muscle group being worked on 
should be isolated. In order to achieve this 
successfully, the correct selection of points 
is important, with regard to the insertion 
and treatment areas, as this will avoid the 
phenomenon of aberrant innervations (in 
cases of facial paralysis). 

¢ EA is applied in the affected meridians 
with the aforementioned parameters (inter- 
rupted waves, low frequencies and low 
intensity for at most 20 minutes). 

¢ In more chronic stages, stimulation can be 
applied (as this is an insuff ciency and/or 
state of emptiness) and, in the case of acute 
and more recent pathologies, sedation may 
be preferable (as it is a state of excess- 
plenitude or yang-type pain). 

¢ It is important to select the most conflict- 
ing points, as well as always to consider the 
special-effect points. 


16.3.6.2 Bell’s palsy 


Concept. According to the Yale® Medical 
Group, Bell’s palsy or facial paralysis is def ned 
as an episode of weakness or paralysis of the 
facial muscles with no known explanation, and 
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which begins suddenly and tends to worsen con- 
siderably within 3—5 days. 

This situation results from an injury of the 
seventh cranial pair of nerves (facial nerve). 
Usually the pain or discomfort occurs on one 
side of the face or the head, affecting the muscles 
innervated by the facial nerve. The facial nerve 
supplies motor fbres to muscles responsible 
for expression, lips, nose, cheeks, eyelids and 
forehead (the frontal region, the cheek and the 
perioral area are the most commonly affected 
areas). 

T his illness progresses with hemifacial weak- 
ness, rigidity and inability to frown, lift the eye- 
brows, move the mouth or blow. Also, tear 
production, disappearance of expression lines, 
retroauricular or facial pain, loss of taste in the 
anterior two-thirds of the tongue, hypoacusia 
and even some cases of hyperacusia can be 
found. 

T he so-called Bell’s phenomenon, commonly 
observed, is characterized by the paralysed eye 
being displaced upwards when the patient 
attempts to close the eyelids. 

According to TCM, Bell’ palsy is thought to 
be an injury caused by the wind. In TCM, the 
wind is a perverse climatic factor that attacks 
the meridians of the craniofacial system and the 
upper parts of the body, producing damage due 
to obstruction of the Qi and the blood, which 
affects the collateral meridians. It appears sud- 
denly and with variable or erratic symptoms and 
is usually associated with other perverse climatic 
factors that attack the superf cial defence system, 
such as the cold and humidity.”’ 


Methodology. The main acupuncture points 
used for the treatment of Bell’s palsy are: 
¢ Local points: ST2, ST3, ST4, ST6, ST 7, 
S118, LI20, BL2, T B23, yu-yao (Ex-HN -4), 
yin-tang (Ex-H N -3) and tai-yang (Ex-HN - 
5). Clearly, not all these points should be 
selected during the same session as that 
would be excessive; rather, they must be 
alternated throughout successive treatment 
sessions. It is important to differentiate the 
meridian and the most affected region of 
the face — the eye, the nose, the mouth — 
with the purpose of selecting the most 
involved meridian (this is usually the 
stomach, which passes along the anterior 
region of the face) in order to begin treat- 
ment. Consider that ‘where the meridian 
reaches, the treatment reaches’: 
¢ ST2 and ST3 (the infraorbital foramen 
and the border of nasolabial groove) 
¢ BL2 (the beginning of the eyebrow, 
action of lifting the eyebrow) 


¢ SI18 (trigeminal), ST 8 (superior branches 
of the temporal muscle) 

° GB8 and GBI14 (action on the eye and 
the ear) 

° TB21, SI19, GB2 (outer-ear trumpet, 
extraosseous portion of the facial nerve) 

¢ DU24 or DU20: points for ending the 
session 

¢ Extraordinary points: these reinforce the 

action of the main points and have a local 
effect: Inn-tang, shao-yang, yu-yao. 
All these described points can be subjected to 
light EA of tolerable intensity. 

T he recommended duration is 15—20 minutes 
and an exhaustive knowledge of the location of 
the points and the facial anatomy is necessary, as 
well as considerable dexterity and skill. 

In EA treatment, the main points to be con- 
sidered are ST 4 and ST 6. The puncture method 
consists of puncturing ST4 subcutaneously in 
the direction of ST6, and vice versa, for the 
treatment of the mouth and nose. These points 
are reinforced with ST7 (which corresponds 
with the exit of the facial nerve and the lateral 
pterygoid muscle). In the case of a greater den- 
ervation or paralysis, longer needles may be 
introduced (ideally 1.5 inch or 40 mm). 

¢ Points for commencing treatment: 

¢ If the most involved meridian is the 
stomach (yang-ming of the leg), which 
circulates along the anterior head and 
neck region, the treatment can be init1- 
ated with a distal point of the stomach, 
ST 44, ST 43, ST 42, ST 41 (choose any of 
these), as they are used empirically due 
to correspondence with the fve ele- 
ments: jing-well point, ying-spring point, 
shu-stream point and the yuan-source 
point (from the fve elements of nature: 
metal, water, wood, fre and earth). The 
most used command point of all is ST 44 
(ying-spring point of the stomach, which 
corresponds with the water element in 
the theory of the f ve elements), used for 
treatment of feverish illnesses or those 
that course with wind-heat in the head, 
plus for treatment of the musculoskeletal 
system. 

° Use the LI4 opening point (bilaterally 
and for tonifcation), seeing as it is a 
point of special action for the head and 
the face, as well as one of the circulating 
meridians (ending in the nasolabial 
sulcus of the opposite side). 

¢ If the most affected region is the lateral 
part or shao yang of the head and the face, 
we would begin with distal points from 
both shao yang meridians (triple burner 


and gall bladder); for example, GB41, 
GB42, GB43 or TB2, TB3. 
¢ Other points: 

° GB20 is the point to remove the wind 
from the head and the face. 

¢ Other points of special action: on the 
bones, tendons, medulla, blood, energy, 
and as support points for the local points 
and the circulating meridian (BLI1, 
GB34, GB39, BL17, SP10, ST36, 
REN 17)!” 


16.3.6.3 Radial nerve palsy 


Concept. Paralysis of the radial nerve is a 
common peripheral paralysis seen in the thera- 
pist’s daily clinical practice, and produces senso- 
rimotor problems in the muscles supplied along 
the pathway of the radial nerve. In its pathologi- 
cal state it produces functional incapacity for 
wrist and fnger extension, and a clinical picture 
of wrist drop. 


Methodology. To start treatment, it is advisable 
to begin at the initiation points selected by the 
professional, and continue with manual acu- 
puncture along the following meridians and sur- 
rounding points: 
¢ the large intestine due to its parallelism 
with the radial nerve: LI2, LI3, LI4, LI6, 
L110, LI11, LI12 
¢ the triple burner due to its pathway with 
collaterals dependent on the radial nerve: 
T B4, TB5, TB6, T B10. 


16.3.6.4 Paralysis of the common 
peroneal nerve 


Concept. Paralysis of the common peroneal 
nerve is another common peripheral paralysis 
seen in the therapist’s daily clinical practice. It 
produces sensorimotor problems in the muscles 
depending on the pathway of the nerve and 
causes considerable functional inability as regards 
gait, as well as affecting the muscles responsible 
for dorsiflexion and eversion of the ankle (tibialis 
anterior, extensor hallucis longus, extensor digi- 
torum and peroneus brevis and longus muscles). 


Methodology. With this technique, treatment 
begins with the so-called initiation points (as 
chosen by the professional), and continues with 
manual acupuncture in the following meridians 
and surrounding points: 
¢ the stomach: ST36, ST37, ST38, ST39, 
ST 40, ST 41, ST 42, etc. (as seen in chapter 
15, these points are dependent on the 
common peroneal nerve) 
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¢ the gall bladder: for treatment of the 
branches of the common peroneal nerve 
(such as the superfcial peroneal nerve): 
GB34, GB37, GB38, GB39. 


KEY POINTS 


It has been demonstrated that EA is very useful 
for this pathology, especially if it is used at a low 
frequency with weak and brief stimulation, and 
with intermittent electrical waves for 20 minutes. 
Shorter rest periods are used in relation to 
manual acupuncture. 


16.3.7 Other electroacupuncture 
modalities: microcurrents or MENS 


16.3.7.1 Concepts and characteristics 


MCRs or microcurrent electrical neuromuscular 
stimulator (MEN S) are based on the application 
of EA at very low intensities (uA), at a subsen- 
sory level (the patient hardly perceives the 
passing of the current). 

In general, the maximum intensity (depend- 
ing on the make) is around 2 or 3 mA. 

When treatment is applied with MCR percu- 
taneously, the patient hardly perceives the 
passing of the current or has very little sensation 
of it. However, in the application of MCR com- 
bined with EA, the patient perceives the passing 
of electricity below the acupuncture needles very 
clearly (f gure 16.13). 

This method of applying EA stimulates cell 
growth, produces an increased cellular energy 
metabolism (adenosine triphosphate) of up to 
500% and can introduce transporter amino 
acids in the synthesis of proteins, which, in turn, 
produces important results for healing and 
regenerating purposes. Treatment with MCR 
produces energy in the same scale as that which 
the body produces at the cell level. For this 
reason, it 1s said that treatment with MCR pro- 
vides a physiological contribution at the cellular 
level.*°** 

In the event of a traumatic mechanism, tissue 
damage takes place, with involvement of the 
electric potentials (voltage). In the lesional area, 
a greater electrical potential is found compared 
to that of the surrounding tissues.*’ As a result, 
this decreases electrical conductivity and cellular 
capacitance, and subsequently impedes progres- 
sion of the repair mechanisms. 


16.3.7.2 Methodology 


The use of EA with MCR is similar to that used 
in the anterior sections of EA with TENS. 
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This form of EA is used to stimulate the 
acupuncture points or for use in local zones 
where one wishes to achieve an extraordinary 
energetic input, as well as producing the general 
effects described: anti-inflammatory, antioedema, 
muscle relaxant, accelerator of the repair process 
of wounds and scars and improvement of joint 
range. 

Regarding the particular characteristics of 
this special type of EA, it offers a series of advan- 
tages, effects, indications, contraindications and 
special precautions with regard to conventional 
EA with TENS: 

¢ Advantages: 

° greater safety (dosed in pA) 

° comfort (the sensations it produces are 
less unpleasant for the patient, as they 
are subsensory) 

° decreased acute and chronic pain (clini- 
cally, this method is extensively used for 
the treatment of painful illnesses and in 
acupuncture anaesthesia) 

° rapid recovery of the tissues and improve- 
ment of wounds, scars and even bony 
lesions 

¢ production of collagen tissue f bres, 
improving tissue elasticity 

¢ allows for application in more delicate 
regions, such as the face, the inferior jiao 


FIGURE 16.13 = Application of 
microcurrents in a patient with 
a gastrocnemius muscle injury. 
(Colour version of figure is 
available online). 


(low abdomen) and in craniopuncture, in 

the following pathologies: 

eye: neuralgia, conjunctivitis, tics, tear 
production 

ear: tinnitus, hypoacusia 

temporomandibular joint: trismus, con- 
tracture of the muscles of mastication, 
dental pain 

nose: rhinitis, anosmia, sinusitis 

head: headaches, migraines, vertigo 

other pathologies: entrapment syndromes 

(carpal tunnel, tarsal tunnel, ulnar neuropa- 

thies) tendinopathies, oedema, fractures 

almost total absence of side effects and 

complications. 


E ffects: 


reduction of pain 

increase in the repair index of the tissue 
and the wounds 

increased protein synthesis 

stimulation of regeneration of the 
damaged fne tissue 

stimulation of the autonomic nervous sys- 
tem: used for the treatment of insomnia 
stimulation of the lymphatic flow 
inhibition of MTrPs. 


Indications: 


treatment of trigger points within myo- 
fascial pain syndromes and f bromyalgia 


° treatment of the nerves (neuralgias and 
neuropathies) 

* regeneration of contractile tissues 

¢ liberation of adherences and retractile 
scars 

¢ tendinopathies and enthesopathies, joint 
impingement, fasciitis/fasciosis, periosti- 
tis, postsprain residual pain, luxation 

¢ muscular atrophy: stimulates the meta- 
bolic processes of the muscle and motor 
end-plate 

¢ aesthetic treatments: increases micro- 
circulation; the production of collagen 
has a lymph-draining effect and 
strengthens the skin and the connective 
tissue 

¢ other pathologies: epilepsy, flaccid 
syndrome, neurasthenia, hypertension, 
insomnia. 

¢ Contraindications: 

° pregnancy 

° cardiac pacemakers 

¢ alterations of cardiac rhythm 

° direct application over the eyes, viscera, 
plexus 

° tumours 

¢ haemophilia. 

¢ Precautions: 

¢ In patients with a weak physical constitu- 
tion or nervousness, an excessive inten- 
sity of current is not advisable as it can 
cause fainting. 

° In the case of a vasovagal response, 
cardiovascular depression, hypotension, 
loss of consciousness, vomiting, the 
needles are withdrawn, the patient is 
positioned in a stable position and the 
so-called resuscitation points are stimu- 
lated, in order to restore the yang. An 
effective technique is to stimulate with a 
slight pinch on the DU25 and DU26 
points or on any of the Jing-well points 
(this is a commonly used method in 
China). 


16.4 CUNICAL CASE 


16.4.1 Cervical spine and 
craniocervical symptoms 


T he patient is a 34-year-old business owner who 
sells electrical supplies, and also works on a 
sports team. She spends a lot of time travelling 
by plane with the team due to her work. 
Personal background and reason for consulta- 
tion: she has suffered from a number of previous 
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pathologies related to cervicalgia (pain in the 
cervical spine and in the muscles of the shoulder 
girdle), and has received many previous treat- 
ments directed at alleviating the symptoms expe- 
rienced in these areas. 

She suffers from episodes of irradiated pain 
along the right upper limb, as well as from 
dizziness, vertigo, loss of balance, tinnitus and 
other related craniocervical symptoms. She has 
consulted an ear, nose and throat specialist 
as well as a neurologist and both have told 
her that she has a lesion due to a structural 
alteration affecting the bones of the inner ear, 
which have suffered from an early deterioration 
process. 

Medical treatment: sulpiride (Dogmatil®), 
antihistamines (Ebastel®). 

Physiotherapy: treatment of the cervical spine 
and vestibular physiotherapy programme. 


16.4.2 Acupuncture 


Physical exam: pain on palpation of the muscles 
of the shoulder girdle and the suboccipital mus- 
cles. Rigidity of the cervical spine; cervical rota- 
tion produces and increases craniocervical 
symptoms. Dysaesthesia and pain in the C6—C7 
territory. The myotomes of the right biceps bra- 
chi and triceps brachii muscles show alterations. 
Positive sclerotome in segments C6 and C7. 

X-ray f ndings: cervical osteoarthrosis. 

She receives physical therapy and acupunc- 
ture treatments once a week. 


(Clinical case continued on page 492) 
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MESOTHERAPY IN THE 
MUSCULOSKELETAL SYSTEM 


Juan Ruiz Alconero 


The physician’s high and only mission is to restore the sick to health, 
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17.1. INTRODUCTION 


Mesotherapy is the introduction of therapeutic 
substances into the dermis. This structure (the 
dermis), as will be subsequently discussed, has 
certain pharmacokinetic and pharmacodynamic 
qualities that differentiate it from other routes of 
administration, such as intramuscular, intrave- 
nous or oral.' It is important to bear in mind the 
above def nition as, unfortunately, due to the use 
of mesotherapy for cosmetic medicine, this name 
has been used to associate it together with other 
techniques that have nothing to do with the 
principles of this therapeutic technique, such as 
electroporation, virtual mesotherapy (via the 
opening of ionic channels in the epidermis), or 
even, in a much more misleading and deceptive 
manner, ‘oral mesotherapy’. 


KEY POINTS 


Mesotherapy is the introduction (injection) of 
therapeutic substances into the dermis. 


17.1.1 Brief historical overview 


Although mesotherapy was developed in 1952 by 
the rural French doctor M. Pistor, since the 
beginning of humanity there has always been an 
interest in introducing medicine to the interior 
of the body. Examples are acupuncture and the 
application of punctures and lesions with plant 
thorns and insect bites as well as the use of scari- 
fcation, to break up the skin layer and be able 
to apply medicine to injuries. 

However, it was not until the medical advances 
of the nineteenth century (sadly due to the great 
number of wars that occurred during this period) 
that the need for rapid mechanisms for pain 
relief emerged. This is how, in 1841, Pravaz and 
Wood almost simultaneously developed the 
modern syringe and hypodermic needle; later on 
Rynd began the administration of subcutaneous 
morphine to treat chronic pain. 

Once these tools were made available, the 
search was centred on fnding the correct 


medication. The American civil war and the 
Franco-Prussian war left a great number of mor- 
phine addicts. Cocaine was demonstrated to 
have a great number of toxins and heroin (the 
word is the feminine of hero, as it was going to 
be the ‘heroine’ in the battle against pain), dem- 
onstrated addiction habits that were even greater 
than those produced by morphine. 

T his situation was resolved with the discovery 
of procaine by Eihnor in 1905, as it had superior 
analgesic effects and fewer toxins. Procaine 
(known as novocaine in the USA) began to be 
systemically used within the medical f eld as an 
anaesthetic and bronchodilator. 

In a French rural village, a humble doctor, Dr 
Pistor, made a haphazard discovery. A shoemaker 
with asthma consulted him and, typical of that 
time, Pistor treated him with procaine injec- 
tions. A few days later, in consultation, the 
patient commented that, although the asthma 
was the same, he had begun to hear the bells of 
the village church, which is something that had 
not happened in a long time due to his deafness, 
although the improvement to his hearing acute- 
ness had gradually faded since the time of the 
injection. Pistor, seeing that the only thing that 
had changed in the treatment of his patient was 
the application of procaine injections, began to 
inject around the ear area with surprising results, 
and thereafter he gradually began to apply it in 
all f elds of practice. T his was the birth of meso- 
therapy (1958), based on two fundamental pillars: 
the injection site and the amount of product to 
be administered (‘a little, a few times, and in the 
right place’). 


17.2 OBJ ECITVES OF 
MESOTHERAP Y 


Mesotherapy is useful in multiple areas of health. 
It is a technique that can be added to our thera- 
peutic arsenal as it offers a certain flexibility in 
the planning of a therapeutic programme, what- 
ever our speciality. Mesotherapy has these main 
aims: 

¢ stimulation of natural healing 

¢ regulation of inflammatory processes 

¢ regeneration of damaged tissue 

¢ stimulation of blood circulation 

¢ regulation of neural reflexes 

¢ stimulation ofthe endocrine-immunological 

pathways 

¢ stimulation of detoxif cation mechanisms. 
Over the years, several models have been devel- 
oped that attempt to explain how this technique 
works. The f rst were mere hypotheses that were 
totally empirical. Currently, however, with the 
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skin. (Colour version of figure is 
available online). 


advent of new discoveries regarding the struc- 
ture and physiology of the dermis, it is possible 
to develop new theories, coming to the one 
which today better explains the functioning of 
this therapy: the so-called revisionist theory. 


17.3, STRUCTURE OF THE SKIN 


It is necessary to make an indepth study of the 
mesotherapy site of application before explain- 
ing the mechanisms of action, seeing as, in con- 
trast to other techniques, application within the 
correct anatomical structure is as important as 
the medication used. This type of treatment is 
site-dependent. 

The skin is divided into three main struc- 

tures’? (f gure 17.1): 

1. The epidermis: this is an epithelial struc- 
ture formed of cells and which, therefore, 
is nourished by the dermis. Some of these 
cells are epithelial themselves, such as 
keratinocytes. Others are of a neuroecto- 
dermal and mesenchymal origin, which is 
why, in some cases, the epidermis can be a 
site for mesotherapy application. 

2. The hypodermis: this structure contains 
the cutaneous annexes, namely the sweat 
glands and the hair follicles. 

3. The dermis: this is the application site of 
mesotherapy.’ It has a width that varies 
between | and 9 mm, and it is made up of 
connective tissue and a series of vessels and 
nerves that cross this layer, together with 
the resident population of immunological 
cells. This creates a perfect site for stimu- 
lating the nervous, vascular and immu- 
noendocrine networks. 

As far as mesotherapy is concerned, there are 
two main components in the dermis: vascular 
and cellular. 


Fat, collagen, fibroblasts 
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The dermis is the site of mesotherapy 
application. 


17.3.1 Cellular composition of 
the dermis 


The cellular composition of the dermis is as 
follows: 
¢ the immune system: Langerhans cells, 
macrophages and receptors for neurome- 
diators and neurotrophics (interleukin-6, 
nerve growth factor, fbroblast growth 
factor-beta, substance P, calcitonin gene- 
related peptide) 
¢ the nervous system: Merkel cells, in con- 
nection with the neurons that go through 
the dermis, and which transmit the infor- 
mation via neuromediators 
¢ the endocrine system: in the dermis para- 
crine signalling (local cell with local cell) 
takes place between the nerve cells and the 
immune cells — this is very rare in the rest 
of the body. 


17.3.2 Microcirculation of 
the dermis 


Within the dermis’, there are three types of 
circulation: 

1. blood microcirculation 

2. lymphatic microcirculation 

3. interstitial microcirculation. 
Microcirculation of the dermis is distributed in 
fve differentiated compartments: 

1. arterial: responsible for blood distribution 

depending on pH 
2. venous: evacuation of excess CO, 
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3. capillary: blood diffusion mechanisms 

4. lymphatic: drainage system 

5. interstitial: collagen localization, fbrob- 
lasts and haematic cells. 

T he interstitial circulation and its compartment 
are the site of action of mesotherapy, as, although 
in the past this was thought to be a static area, 
it is now known that the interstitial compart- 
ment presents two phases, sol and gel, and that 
it passes from one phase to the other according 
to pH, circadian rhythm, stress and manual 
manipulation. 

Interstitial circulation is essential for two 

important factors: 

1. This is the union between the blood circu- 
lation and the local cellular population. It 
separates the cellular membrane from the 
capillary endothelia. 

2. It has a buffering and regulating effect. 


17.4 MECHANISM OF ACTION 


T he mechanism of action is shown in f gure 17.2. 


17.4.1 Kirst theories 


The frst theories about how mesotherapy works 
were slaves of their time; in other words, they 
reduced the explanation to what was known at 
the time, usually with simple empirical proc- 
esses, and without scientif c evidence supporting 
these theories. 

Naturally, the frst theory was proposed by 
Pistor, who tried to provide an explanation using 
nervous stimulation, arguing that the treat- 
ment effect provoked a reflex effect that inter- 
rupted the visceral-medullar—cerebral pathway, 
provoking a temporary medullar shock in the 


Reflex microsystems 
Painful equivalencies 


(M. Pistor) 


Microcirculation ; Theory of the 4 units 
pathway mesoderm (Bicheron) 

Neuroendocrine Ree ee ne 

immunologic unit Sega ren 


Local effect 
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Interstitial non-cellular technique 





FIGURE 17.2 =» Evolution of models regarding the 
mechanism of action of mesotherapy. 


lateromedullary sympathetic centre.°’ Shortly 
after, based on the Melzack and Wall’s gate- 
control theory, it was possible to explain the 
analgesic and profound effect that local stimula- 
tion has on nervous pathways.* 

However, Bicheron’ found that the neuro- 
logical explanation in itself was not enough and, 
on realizing that all pathologies produce micro- 
circulatory vascular suffering, he discovered 
that the locoregional action of the medication 
produced above all local stimulation of this 
microcirculation. 

Thanks to the electronic microscope and the 
use of radiotracers, both the theory of the three 
units by Dalloz-Bourguinon’’ and the unif ed 
theory of Kaplan'''’ led to consideration of neu- 
rological and immune receptors, besides vascular 
receptors, as the following three structures are 
found in the dermis: 

¢ dermal terminals of the capillary loops 

¢ afferent neurons 

¢* immunohaematogenic cells, such as plasma 

cells and mast cells. 
Kaplan went further and was able to observe that 
the action of mesotherapy produces three differ- 
ent types of pharmacokinetics in the dermis: a 
localized short-range action, another long-range 
action and a mixed action. 


17.4.2 Ordiz’s'* revisionist 
or integrated theory 


Three main agents responsible for the effects of 
mesotherapy can be distinguished: the immune, 
nervous and endocrine systems. 

Each one is responsible for the treatment 

response that we encounter: 

1. an immediate, rapid and unspecifc action 
triggered by the needle pricks themselves, 
stimulating the neuro-immunoendocrine 
pathway both mechanically and locally 

2. a sustained action, mediated by T and B 
lymphocytes, with an immunoinflamma- 
tory character 

3. a local action of the medication itself. 

This mechanism, that integrates the immune, 
vascular and neuroendocrine systems, is what 
makes the pharmacokinetic behaviour of the 
intradermal pathway so special, and explains the 
positive effects. 


KEY POINTS 


Mesotherapy is not a therapy that acts upon the 
cell level in the same way as traditional medica- 
tion, but rather it acts upon the interstitial level. 
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17.4.3 Growth factors 


Growth factors have gained a great deal of 
importance in recent years due to their regen- 
erative and healing capacity in all f elds of medi- 
cine and physiotherapy.'* T heir activation within 
the frame of mesotherapy can be key to under- 
standing complex intercellular communication 
systems and the relation between the local effects 
of therapy, which do not have anything to do 
with medication per se, but rather with local cel- 
lular stimulation (box 17.1). 

T hese are a group of molecules with a protein 
origin and the capacity to exercise external 
control over the cell cycle. They act by joining 
with specif c receptors and in very reduced quan- 
tities. They have a local action and are produced 
by a large number of cells, such as fbroblasts, 
osteoblasts, endothelial cells, macrophages and 
monocytes. 

It is the capacity of stimulation of the cell cycle 
that makes these essential in repair processes, 
such as the proliferation of f broblasts and kerati- 
nocytes, the angiogenesis phenomenon, the 
remodelling of the extracellular matrix and deb- 
ridement and elimination of the injured tissue." 

Furthermore, as will be explained, this capac- 
ity for modif cation can be used as a therapy 
in itself and not only as a theoretical basis for 
mesotherapy functioning. Growth factors can 
be easily extracted and isolated during ambula- 
tory consultation and can be applied via meso- 
therapy or intralesional administration methods, 
thus increasing their concentration in injured 
areas up to four times with regard to the basal 
concentration. '° 


Growth factors in the 
different stages of wound 
repair 





e Antimicrobial activity: nitric acid, reactive 
oxygen species 

¢ Chemotaxis and proliferation of f broblasts and 
keratinocytes: platelet-derived growth factor 
(PDGF); transforming growth factor-beta 
(TGF-B); interleukin-1 (IL-1); recombinant 
human growth factor (KGF-7) 

¢ Angiogenesis: vascular endothelial growth factor 
(VEGF); fbroblast growth factor (FGF-2); 
PDGF 

¢ Remodelling of the extracellular matrix: PDGF; 
TGF-B; tumour necrosis factor (TNF); oste- 
opontin (OPN ); IL-1; collagenase; matrix met- 
alloproteinases (MMPs) 


Adapted from Kuma et al.” 


17.4.4 ‘Virtual’ mesotherapy 
or electroporation 


As previously explained, mesotherapy is the 
introduction of substances into the dermal layer. 
Until now this had only been performed using 
inoculation with needles. Given that many 
people are scared of needles, there has always 
been the need to fnd a way of introducing medi- 
cation without causing discomfort and pain such 
as that which occurs with punctures. In 2003, 
Agre and MacKinnon received the N obel prize, 
after discovering hydropores — a series of chan- 
nels within transmembrane proteins that could 
communicate with the dermis without the need 
for puncture.'’ With the generation of a simple 
transmembrane potential of 0.5—1.5 V, these 
pores could be opened, allowing for the passage 
of substances.'*”” 

The problem has always been the size of the 
molecules (as there are molecules that are much 
larger than the diameter of the pores) and their 
erratic passage to the dermal plane.” 

However, most importantly, electroporation 
only consists of the administration of substances 
without the capacity for stimulation of the meso- 
therapy technique.” 

T herefore, it is erroneous to describe electro- 
poration as a form of mesotherapy as, although 
it is a useful technique in many cases, it does not 
have the effects or mechanisms of action previ- 
ously described. 


17.5 MATERIALS 


Many physiotherapists may not be altogether 
familiar with the characteristics of the needles 
and syringes available on the market. For those 
interested in the feld of invasive physiotherapy 
this is considered essential knowledge. 


17.5.1 Syringes 


Although syringes of 10 mL and 5 mL can be 
used in mesotherapy, for physiotherapy pur- 
poses, and due to the smaller quantities of medi- 
cation used, 5 mL is suffcient. There are even 
smaller sizes available, 2mL and 3 mL, but 
these require a play of pressures and considera- 
ble dexterity and, in the author’s opinion, a5 mL 
syringe 1s better. 

Syringes with two and three bodies are avail- 
able. Ideally, three bodies should be used, as 
these give a greater control of the medication 
contained. 
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17.5.2 Needles 


A great variety of needles are available and, for 
this reason, it is important to consider two 
factors: 

1. The calibre: this is the diameter of the 
needles and is measured with a number 
followed by the letter ‘“G’ (gauge). The 
greater the number associated with ‘G’, 
the smaller the needle diameter. There- 
fore, a 30G needle is smaller than a 27G 
one. These diameters are coded with a 
single colour; therefore the calibre can 
also be identif ed just by recognizing the 
colour. 

2. The length: this is measured in either 
inches or millimetres. 

In mesotherapy, needles of 27G and 32G are 
used, with the classic needle being 30G. Regard- 
ing length, there are specifc mesotherapy 
needles that are actually very short, 4mm, 
whereas generic 30G needles measure 12 mm. 
Although these generic 30G needles require a 
ereater control of needle insertion depth by the 
professional, they are more versatile in seeking 
the appropriate depths. 

Remember that a much thicker needle is 
needed to extract medication from the vials. The 
extraction of medication with a 27G or 30G 
needle is almost impossible, as the needle diam- 
eter is so small that only minimal flow is able to 
pass through it. For this reason, it 1s necessary 
to have a thicker needle available, 18G or 19G. 
Given that this is a needle that is clearly visible, 
it is important to explain to the patient that the 
needle is only going to be used to import the 
liquid or perform an aspiration out of the patient’s 
sight. 

It is essential to be familiar with the different 
types of needles and syringes, as what can be 
useful for one professional may be a worse choice 
for another, and this also depends on the size of 
the operators hand and its steadiness. The 
author has always used 12 mm 30G needles, but 
it is important to know how to use and control 
the pressures and depths of each type of needle. 


KEY POINTS 


In mesotherapy needles of between 27G and 
32G are used, with 30G being the classic size. 


17.5.3, Mesotherapy guns 


After a stagnant period of research on meso- 
therapy guns, there has recently been an increase 
in availability and modernization of the classic 


systems. T his has seen the weight of the mecha- 
nism reduced and made more compatible with 
various syringes, as well as the introduction of 
pneumatic motors, thus controlling the depth, 
the repetition of the punctures and the amount 
of product administered with each injection. 

T hese are useful but expensive systems, which 
do not offer the versatility that can be achieved 
by the manual system. 

Ordiz offers the following key considerations 
when selecting the perfect gun”: 

¢ The parts in contact with the patient must 

be disposable. 

¢ The medication must not go through 

hidden paths. 

¢ The depth of the puncture, dosage and 

frequency must be calibrated by the 
professional. 

¢ It must be ergonomic. 

¢ It must be of low economic cost. 

Finally, it is important to have gauze and a good 
antiseptic to hand. Alcohol is not advisable, as 
it is a vasodilator and may increase the little 
bleeding experienced, as well as irritate the area. 
Clorhexidine is more useful, as it does not irri- 
tate the nostrils or the application area and it 
does not soil the skin or clothing. The author 
does not recommend povidone-iodine, as, due to 
the multiple punctures that can be made during 
a session, one can run the minimal, but real, risk 
of marking these punctures and essentially ‘tat- 
tooing’ them. 

Seeing as the main threat 1s secondary micro- 
bial infection of the administration site (as will 
be discussed later), ideally, one must have the 
correct antiseptic to hand which will help provide 
protection from these pathogens. Given that 
there is no commercial product with these 
properties, a pharmaceutical preparation is used 
(box 17.2). 

Finally, the room to be used must meet 
minimal health requirements. It must be well lit 
and ventilated and the furniture must be disin- 
fected and meet the relevant CE regulations. All 
the material must be at hand and patients should 
be positioned so that they can be easily accessed 
from all angles. 


Ideal antiseptic preparation 
for mesotherapy 


Benzilic acid 10 mL 
Benzalkonium chloride 0.65 g 
Chlorhexidine 5 mL 
Distilled water q.s. to 500 mL 
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17.6 CONTRAINDICATIONS AND 
SIDE EFFECTS 


17.6.1 Contraindications 


T he contraindications depend on the medication 
to be injected. In general, the absolute contrain- 
dications are as follows: 

¢ cancer sufferers undergoing treatment 

¢ patients taking autoimmune treatment 

¢ allergy to one of the products to be used 

¢* ongoing treatment with anticoagulants 

¢ pregnancy. 

There are also several relative contraindications 
depending on the state of the patient at the time 
of treatment which oblige the therapist to post- 
pone the procedure for a few days. Among these 
are the need to do exercise immediately after the 
session (which may cause an increase in hae- 
matomas) and unavoidable sun exposure to the 
treated area (causing postinflammatory hyper- 
pigmentation due to sun exposure). 

It is important to consider that mesotherapy 
is one more tool within the range of techniques 
available to physiotherapists and, until the legal 
position of this speciality is resolved, especially 
regarding the competency of physiotherapists to 
prescribe medication, in many places around the 
world it is preferable to choose other therapeutic 
methods in complicated or ambiguous cases. 


17.6.2 Side effects 


The side effects of mesotherapy are generally 
few and minor. If the safety protocols are fol- 
lowed and well-known medication from well- 
known laboratories is used, this technique can be 
applied without placing patients in any danger.”! 
Nonetheless, to say that this is a painfree 
treatment without any consequences would be 
misleading patients, however mild the reactions 
may be. As in all invasive treatments, the infor- 
mation provided must be complete and exact. 


17.6.2.1 Pain 


Obviously, when puncturing patients’ skin, they 
will feel pain, although the extent of this is sub- 
jective. It is important never to deny to the 
patient that there will be pain, but it 1s appropri- 
ate to avoid the word ‘pain’ itself. It is better to 
speak of discomfort or a needle prick than of 
pain, as the term used will very much condition 
what the patient feels. 

Nonetheless, pain is limited to the session, 
and once the punctures have fnished, there 
should be no discomfort. 


Currently, there are topical anaesthetic prod- 
ucts (see chapter 2) that can be very useful for 
patients who are very sensitive to punctures.~ 


17.6.2.2 Erythema 


This refers to redness in the injection point. 
Most frequently this is normal and relatively 
unimportant, but it is always necessary to perform 
a differential diagnosis between an allergic reac- 
tion and an infection, especially when more than 
2 hours have passed. 

If the erythema arises quite soon (2 hours or 
more after the session), most probably it is an 
allergic reaction. If it appears later on (1 week or 
more), it is most likely an infection. 

There is medication that 1s more susceptible 
to producing erythema (vasodilators). Further- 
more, people with atopical skin can see a com- 
pletely normal erythema worsen, although in 
these cases, without any negative consequences. 


17.6.2.3 Haematomas 


Haematomas are common and can be caused 
both by poor technique, as well as by chance. 
Some people are more predisposed to suffer hae- 
matomas than others. 

Although per se, haematomas do not entail any 
problem, it is important to control them, as they 
can cause both complications and infections. 

Ideally, compress the area immediately, and 
with predisposed people, use homeopathic pre- 
vention (arnica 9CH 1 day beforehand in 
granules). 


17.6.2.4 Vagal reactions 


Vasovagal reactions (otherwise known as faint- 
ing) are frequent in patients who are sensitive 
and susceptible. They are also encouraged by 
excessively warm and stuffy treatment rooms. 

These reactions usually begin with major 
sweating and tachycardia. Patients usually expe- 
rience what is known as a sensation of anticipa- 
tion, where they realize that they will lose 
consciousness. Then the patient turns pale and 
there is a drop in tension, which can lead to 
the loss of consciousness if nothing is done to 
prevent it. 

Loss of consciousness is usually brief, lasting 
only a few seconds, and the patient recovers, 
although may be pale, cold and suffering from 
tremors. This is not accompanied by relaxation 
of the sphincter or myoclonus contractions. 

Place the patient in a supine position with the 
legs elevated, or if this is not possible, have the 
person sitting and leaning forwards and place 
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the head between the knees. The patient should 
be covered with a light blanket, with the clothing 
loosened if it is tight and the room should be 
ventilated. The key is patience, because an 
attempt to raise the patient too soon can make 
the vasovagal reaction reappear. 

T he best way to avoid this is simply to prevent 
it, by informing the patient of the whole process, 
avoiding punctures while the patient is standing, 
having a well-ventilated and calm room, with 
soothing music and, if possible, ensuring patients 
have had suffcient sustenance (i.e. have not 
fasted) at the time of their visit. It is important 
to be able to recognize the reaction, and antici- 
pate and control the situation without displaying 
any agitation. 


17.6.2.5 Mechanical injuries in nerves 
or vessels 


Although the needles used are very thin, this 
does not exempt the professional from a perfect 
knowledge of the regional anatomy of the area 
to be punctured in order to avoid lacerating 
neighbouring structures. Do not forget that the 
side of the needle is sharp and may cut. 


17.6.2.6 Postinf ammatory 
hyperpigmentation 


In inf ltrated regions that are exposed to the sun 
immediately after treatment, a reactive pigmen- 
tation may arise. T his is more frequent in tanned 
people or those with dark skin, and is associated 
with a poor treatment prognosis. Therefore it is 
very important to avoid sun exposure in the 
treated area for at least 48 hours after the session. 


17.6.2.7 Skin necrosis 


T his is the loss of irrigation and f nally the death 
of a section of skin. This is extremely rare and 
usually occurs in the distal regions where vaso- 
constrictors are used. 


17.6.2.8 Tuberculoid granuloma 


This is an inflammatory reaction surrounding 
the area and depends on the type of medication, 
the depth of the injection and, often, it just 
happens by chance. 


17.6.2.9 Skin infections 


These are probably the most serious complica- 
tion of mesotherapy, although luckily they are 
extremely rare. 

There are three mechanisms of contamina- 
tion: 
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FIGURE 17.3 =» Wounds caused by a microbial infection 
after mesotherapy treatment. (Colour version of figure 
is available online). 


1. direct inoculation due to product contam1- 
nation. Buy medication from laboratories 
that offer a guarantee and always note 
down the serial number of the product. 
Also, one vial must be used per patient and 
treatment; vials must never be shared or 
left open for any period of time. Ensure 
that the vial that is about to be used is 
permitted for parenteral administration 

2. contamination via non-protected punc- 
tures 

3. contamination via pathogen agents found 
in the skin. 

Skin asepsis and disinfection of the material are 
essential to avoid infection. Disposable material 
must be used and written protocols for asepsis 
and disinfection must be maintained. 

Infections due to atypical microbacteria are 
more frequent and also more serious” (f gure 
17.3). They usually appear due to product con- 
tamination and are highly resistant to antiseptics 
and disinfectants. They have an incubation 
period of between 3 weeks and 3 months and, 
therefore, if they appear, it is a long time after 
the treatment sessions. 

Although 20% of these cases resolve sponta- 
neously, they can leave after effects.”* 

The diagnosis is made on biopsy and, as these 
cases are very resistant to antibiotics, it is neces- 
sary to perform an antibiogram in order to select 
the correct medication, which generally is taken 
for up to 6 months, in order to treat the problem 
correctly.” 
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The infections caused by atypical mycobacteria 
are the most frequent, and also cause the most 
serious possible side effects. 
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17.6.2.10 Allergic reactions 


T he most serious is anaphylactic shock, although 
this is extremely rare. Most commonly allergic 
reactions are local and rapidly established and 
are accompanied by hives and wheal (swelling) 
reactions located at and limited to the injection 
area. 


17.7 THE MESOTHERAPY 
TECHNIQUE 


As in every manual technique, professionals 
must use what best suits them, considering the 
size of their hands, their manual dexterity and 
the size of the material to be used. 

Familiarize yourself with the different syringes 
and try the different guns but, essentially, you 
must be comfortable and have various support 
points to control the depth of the puncture and 
perform the procedure safely. 

Regarding the sessions, it is imperative to 
follow Pistor’s principle — ‘a little, many times 
and in the correct site’. 

It is also crucial to respect the principle of 
therapeutic response whereby, in the measure 
that we have a response, the sessions must be 
spaced between them. The author does not rec- 
ommend more than one session per week, as it 
is important to bear in mind that, apart from the 
pharmacological effect of the product adminis- 
tered, the local stimulation effect inherent to the 
technique itself is also sought. 


17.7.1 Manual techniques 


There are three techniques recognised as ortho- 
dox, although professionals will use the one that 
is best suited to their own hand (f gure 17.4). 

W hen injecting, and in relation to depth, the 
following techniques are described. 


17.7.1.1 The epidermal injection 


This is very superf cial, does not cause bleeding 
and is applied with the bevel pointing upwards 
and visible underneath the skin. T his stimulates 
the epidermal receptors and actually has little 
use except in specifc areas (such as the elbow 
and the bony edges). It is always used in combi- 
nation with other techniques.” 


17.7.1.2 Intradermal injection 


This is the mesotherapy technique par excel- 
lence. This type of injection usually has a depth 
of 2-4 mm at 45° with respect to the skin surface, 
leaving little micropapules (elevations) in the 


skin. It is useful in painful and reflex points and 
in the insertion points. 


KEY POINTS 


The intradermal injection is the mesotherapic 
technique par excellence. 


17.7.1.3 Intradermal nappage 


This technique consists of multiple repeated 
injections at 2 mm, which requires extraordinary 
coordination of the hand movements. It is useful 
for tracing muscular and tendinous paths, espe- 
cially when muscle relaxants are used. 


17.7.1.4 Intradermal papule 


T his consists of leaving a great papule, requiring 
a greater injected volume than usual. It is useful 
mainly in corporal cosmetic mesotherapy 
applications, and not very useful in clinical 
mesotherapy. 


17.7.1.5 Coup par coup injection 
or mesotherapy 


This is a deeper injection, 4-10 mm, with an 
injection of major volumes. It is useful as the 
antalgic treatment of chronic pain. T he applica- 
tion of this technique is also described in acu- 
puncture points. 


17.7.1.6 Mesoperfusion 


Also known as small mesotherapy, this consists 
in using intravenous perfusion material and 
placing it into the dermal route, letting it perfuse 
slowly upon the area. This technique may be 
continuous or sequential and has the inconven- 
ience of more easily causing haematomas. 


17.8 MEDICATION USED 
IN MESOTHERAP Y 


In mesotherapy, both allopathic as well as home- 
opathic medicine can be used and, therefore, 
it is important to know the difference between 
the two. 

Allopathy is a therapeutic modality that 
combats disease by using medication that pro- 
duces effects in a healthy individual that are 
different from those produced by the disease 
to be treated. A clear example of this are the 
vasodilators used in arterial hypertension which, 
independently of the cause (whether this is renal, 
cardiac or unknown) work by decreasing arterial 
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FIGURE 17.4 = (A-F) Different manual techniques for mesotherapy. (Colour version of figure is available online). 


tension or increasing blood and kidney flow, 
which has nothing to do with the pathogenic 
mechanism of the illness. N ormally high concen- 
trations are used. T his is classic pharmacology. 

Homeopathy is a system for healing that 
applies minimal treatment doses to illnesses. 
These are the same substances that, in greater 
quantities, would produce in a healthy human 
being the same or similar symptoms to those that 
the person is f ghting. A typical example of this 
is the use of Apis mellif a, which is a diluted 
version of a bee sting, indicated in red oedema 
with throbbing pain that decreases with the use 
of cold water. It causes the same symptoms in 
the human body as bee stings. 

Phytotherapy is the treatment of illnesses 
using plants or herbal substances. For this reason, 


it is important to stress that not all homeopathy 
is natural and that phytotherapy and allopathy 
are not opposites. In fact, medicine derived from 
plants is still being used in classic pharmacology, 
just as it was hundreds of years ago. 
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Homeopathic medicines are ‘drugs’ according to 
the Spanish Ministry of Health, and therefore 
are only sold in pharmacies. T hey bear a national 
medicine code and are approved by the Spanish 
Agency of Medicines and Medical Devices 
(Agemed). These medicines are never sold in 
health food shops or parapharmacies, at least in 
Spain. 
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In general, the main difference between 
homeopathy and allopathy is the amount of the 
product to be used. In homeopathy this is 
minimal and, thus, it is almost impossible to 
incur side effects. However, the allopathic effect 
is faster. 

Several advantages of homeopathy include 
the fact that it does not come up positive in 
antidoping testing and it can be used safely 
during pregnancy. 

Although an exhaustive explanation of home- 
opathy is beyond the scope of this book, it is 
commonly used with great success by a number 
of mesotherapy professionals. Although its 
mechanism of action cannot be explained at 
present, ° because of the positive results when 
compared to placebo, it is important to consider 
the use of homeopathy in the treatment of mus- 
culoskeletal pathology.’ 

At present in mesotherapy, an evolution of 
classical homeopathy is used, called homotoxi- 
cology.* It was developed by Dr Reckeweg, 
and is the nexus between allopathy on the one 
hand and the more classical homeopathy on the 
other. 

When performing mesotherapy, the follow- 
ing points must be clear*””: 

¢ Do not inject any substance. 

¢ Do not inject haphazardly. 

¢ Do not inject a patient undiscerningly. 

¢ Use selection criteria according to the 

indications. 

¢ The medication used must be water- 

soluble. 

¢ Use well-known and safe medications. 

¢ Do not mix homeopathic and allopathic 

medicine within the same syringe, as the 
pH changes can deactivate the effect of the 
homeopathic medication. 

¢ Do not combine more than three medica- 

tions within the same syringe, especially 
with allopathy. 

¢ Do not use more than 3 mL per syringe; in 

general, use 1 mL per medication. 

¢ Use certain medication with caution and 

always with prior knowledge, especially as 
regards the use of vasoconstrictors, due 
to the risk of necrosis and degenerative 
f brosis. 


17.8.1 Allopathic medication 
17.8.1.1 Local anaesthetics 


The most frequently used local anaesthetics are 
procaine and lidocaine. Procaine, as discussed 
previously, is the frst type of medicine used in 


mesotherapy. Although both are local anaesthet- 
ics, they belong to completely different pharma- 
cological families and, increasingly, lidocaine is 
taking the place of procaine, as it is generally 
used more often and has a lower risk of produc- 
ing allergic reactions. If patients who have never 
received mesotherapy are asked whether they 
have ever gone to the dentist and they give a 
positive response, they will certainly have been 
anaesthetized with lidocaine or one of its derived 
medicines, and therefore one can be almost sure 
of not provoking an allergic reaction. T his is not 
the case with procaine, as it is not used in general 
medicine. 

T he use of these substances, apart from pro- 
ducing anaesthesia, is as a vector for medication, 
as they will allow better passage of the therapeu- 
tic agents to the dermis.”’ 


17.8.1.2 Calettonin 


T his has three well-def ned actions in mesother- 
apy, apart from its own general actions as a 
hormone in the metabolism of calcium”’: 
¢ vasodilator action 
¢ analgesic action (this is not well known; 
although it was originally thought that it 
was mediated by neurotransmitters on a 
central level, it also acts at a peripheral 
level)! 
¢ anti-inflammatory action via the reduction 
of vascular permeability and partial inhibi- 
tion of cyclooxygenase, an enzyme that 
enables synthesis of prostaglandins and, 
therefore, moderates the inflammatory 
phenomenon). 


17.8.1.3 Non-steroidal anti- 
infammatory drugs (NSAIDs) 


In standard texts,'*’* piroxicam is cited; however, 


since it has been included within the group of 
drugs that need special approval it is preferable 
to use ketoprofen or diclofenac. 


17.8.1.4 Vasodilators 


Buflomedil. This drug is particularly useful in 
venous-lymphatic insuff ciencies. Its mechanism 
of action is less understood. 


Monoethanolamine nicotinate. This is a 
potent vasodilator, so much so that it may cause 
a facial flush (sudden redness of the face and 
upper limb) which can cause a hypotensive 
syncope, and therefore it is only recommended 
in select cases, such as circulation pathologies 
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Blood drawn 


Platelet-poor 


plasma (PPP) Platelet-rich 


Red blood cells 


and always with a prior warning of this possibil- 
ity. It is important for the professional to be 
trained to handle these situations.” 


Pentoxifylline. Its analgesic activity is sum- 
mated to vasodilation. This is probably the 
vasodilator of choice in processes in which there 
is vascular compromise. 


17.8.1.5 Muscle relaxants 


Both thiocolchicoside and, particularly, diazepam 
are useful in cases of muscle compromise. 


17.8.1.6 Group B vitamins 


In particular, vitamins B,, B, and Bj, are high- 
lighted, as these are neurotrophic vitamins. 
T hese may be used in chronic and degenerative 
processes, with nervous compromise. 


17.8.1.7 Ethylenediam inetetraacetic 
acid (EDTA) 


EDTA is achelating agent of metallic ions, espe- 
cially calcium, and therefore is indicated for use 
with mesotherapy in the treatment of calcif ca- 
tions, in 5% concentration.” 


17.8.2 Growth factors 


The mechanisms of action of growth factors as 
well as their capacity for cell modulation and 





FIGURE 17.5 = Treatment using 
plasma-rich growth factors. 
(Colour version of figure is 
available online). 


regeneration on many levels (e.g. vasodilation, 
angiogenesis, chemotaxis, cellular remodelling) 
have been described in section 17.4.3.'*'° 

By intervening in all body repair processes, 
growth factors are useful if they can be artif- 
cially transported to the lesioned site (via an 
injection or direct application in surgery). 

The best access is via platelet growth factors 
(f gure 17.5), as, with a mere blood extraction, 
and processing that includes centrifugation at 
1800 rpm for 7 minutes, the separation of the 
platelet-rich plasma phase from the rest of the 
plasma occurs and, with the addition of 0.05 cm° 
calctum chloride, a concentration of growth 
factors is obtained which has, on average, a con- 
centration of up to four times more growth 
factors than physiologically normal. This can 
then be used in both mesotherapy’ and intral- 
esional injection.’ Although the American 
school advocates a second centrifugation in 
order to obtain a greater concentration, there are 
studies that demonstrate that, with a larger con- 
centration, cellular rupture increases and, ulti- 
mately, the fnal number and effectiveness are 
very similar.*° 

The advantages of this treatment are that 
there are no side effects, such as allergies (it is 
100% autologous) or infections (platelet-rich 
plasma is bactericidal) and it allows for combina- 
tion with any other therapy.”° 

An important consideration, however, is that 
its use will depend very much on the number 
of platelets and, therefore, the total number 
of growth factors varies from one person to 
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another depending on the patient’ overall 
health. Its use is under debate in people with 
autoimmune illnesses (e.g. rheumatoid arthritis, 
lupus) and whether in theory its capacity for cel- 
lular cycle modulation could influence cancer 
cell changes.” ** 

At present, and with several million treat- 
ments in the world based on growth factors, 
adverse cases have not been reported among 
those previously cited, and therefore it is consid- 
ered to be a safe and effective treatment.*°** 


17.8.3, Homotoxicological 
medication in mesotherapy 


Homeopathic drugs for use via injection are only 
authorized in two Spanish laboratories. As home- 
otoxic preparations are used, which are combina- 
tions of several unitary homeopathic medications, 
the commercial preparations will be cited (see 
conflict of interests declaration, below). 

H omotoxicological medications can be mixed 
together without any problem, but they should 
never be mixed within the same syringe together 
with allopathic medicine (the pH of allopathic 
medicine can deactivate the homotoxic medi- 
cation). Furthermore, if necessary, more than 
three homtoxicological medications can be 
combined. 

As previously mentioned, remember that 
homeopathy, and therefore homotoxicology, is 
overseen by the Spanish Ministry of Health 
and Agemed, and therefore can only be bought 
in pharmacies or directly from the laboratory, 
but never in herbal medicine shops or 
parapharmacies. 

Due to the near-inexistence of side effects, it 
is recommended that professionals who are 
beginning their treatment with mesotherapy 
start with homotoxicology administration for the 
sake of safety. The clinical effects have been 
published® **’ and there are enough in many 
cases to satisfy even the most demanding clini- 
cian and, in many cases, the use of allopathy in 
mesotherapy will not be necessary. 

It is also true that, as has been previously 
mentioned, at present the mechanism of action 
is not completely understood.’ 

Once the basic techniques are mastered, the 
professional will be conf dent of knowing what, 
where and why one punctures, and can start with 
allopathy. 


17.8.3.1 Heel Laboratories 


¢ Traumeel®: inflammatory processes. 
¢ Zeel®: degenerative processes 
¢ Discus®: vertebral spine 


¢ Spascupreel®: muscle spasm 

¢ Lymphomyosot®: oedema 

¢ Kalium Compositum®: periarthritis, peri- 
ostitis 

¢ Belladona Homacord®: localized inflam- 
mation 

¢ Neuralgo-Rheum-Injeel®: rheumatism of 
soft tissues 

¢ Colocintis Homacord®: neuralgic and 
throbbing pain, paraesthesias. 


17.8.3.2 Reckeweg Laboratories 


¢ Anginacid® (R1): inflammation 

¢ Lumbagin® (R11): low-back pain 

¢ Calcossin® (R34): alterations of calcium 

metabolism 

¢ Manurheum® (R46): shoulder and upper- 

limb pathologies 

¢ Rutavine® (R55): traumas 

¢ Spondarthrin® (R73): arthrosis 
In general, although it is not strictly the case, 
Anginacid® and Traumeel® can be compared to 
NSAIDs; Spascupreel® to a muscle relaxant, 
both for smooth muscle as well as striated muscle; 
Spondarthrin® and Zeel® are used as agents 
for treating arthrosis and all degenerative 
pathologies; Discus® or Lumbalgin® are used 
as remedies for vertebral pathologies and 
Lymphomyosot®, Rutavine® and Anginacid® 
are used as regulators of oedematous processes, 
whether acute or chronic. 

For this reason, it 1s necessary to assess the 
state and clinical presentation of the patient, as 
well as the localization and evolution of the 
pathological process at all times in order to select 
the correct medication. 


17.9 MESOTHERAP Y PROTOCOLS 
IN MUSCULOSKELETAL 
PATHOLOGY 


Before listing the various protocols, both allo- 
pathic and homeopathic, it 1s important to 
understand that mesotherapy can be one of the 
treatments available, and, therefore, any reader 
of this work can use several techniques inte- 
erated within clinical protocols. 

It is necessary always to follow the basic rules 
of precaution and information. Commonly, in 
musculoskeletal pathology, in addition to the 
classic contraindications, we have to add the pre- 
caution of not performing mesotherapy on frac- 
ture sites and acute muscle ruptures. 

Have patients complete a health question- 
naire in which they must declare any allergies 
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and current pharmacological treatments. The 
patient is to sign an informed consent statement 
which has previously been explained, indicating 
the pros and cons of the treatment, possible 
side effects and possible therapeutic alternatives, 
in accordance with the requirements of the 
Spanish law of patient autonomy (Law 41/2002, 
14 November). 

A mesotherapy session should never be per- 
formed without having the patient frst sign an 
informed consent and being adequately informed 
of the treatment. 


KEY POINTS 


Patients must fll in a health status questionnaire 
in which they declare any allergies or current 
pharmacological treatments. An informed 
consent is to be signed. 


The sessions are planned according to the 
character of the lesion, the therapeutic relation 
and the response to treatment. 


T he goals are based on alleviating pain, reduc- 
ing oedema and improving blood perfusion, as 
well as facilitating functional recovery. 


As far as the puncture site is concerned, 
although it is very tempting to show images with 
fxed locations for the purpose of mapping out 
the punctures, it is preferable to assess the patient 
clinically and, depending on the structures 
involved, puncture as follows: 
* qcoup par coup technique, performed deeply 
in reflex points that are painful to palpation 

¢ micropapule technique, in points of ana- 
tomical reference of the affected structures, 
insertions, tendinous channels 

¢ nappage in extensive muscular territories. 
Lumbar pathologies are an exception to this, as 
the points noted by Ordiz’® are truly useful in 
the treatment of painful pathologies affecting 
the lumbar spine. 

Patients may experience pain related to their 
pathology and site of involvement, and it is 
important to adapt treatment accordingly. 


17.9.1 Acute pathology: 
acute trauma 


Syringe 1: lidocaine 1% 1cm?° + calcitonin 
100 IU 1 cm? + diclophenac 50 mg/2 cm’. 

In homeopathy: 

Syringe 1: Traumeel® or Anginacid® + Ruta- 
vine® or Lymphomiost® + Kalium® or Bella- 
donna® if bone structures are affected or if it is 
localized. 


17.9.2 Pathology of the soft tissues: 
protocol 


Syringe 1: lidocaine 1% 1 cm* + pentoxifylline 
2 cm’ + diclofenac 50 mg/1 cm’. 

Syringe 2: lidocaine 2 cm’? + EDTA 2 cm? or 
diazepam® 5 mg/1 cm’. 

Always assess the muscular involvement or 
calcif cation in order to select between EDTA or 
diazepam. W hen using homotoxicology, and if it 
is possible to complement treatment with syringe 
2, with calcif cations (but always using separate 
syringes), the protocol would be: 

Syringe 1: Traumeel® + Zeel® or Calcossin® 
+ Manurheum® (adding Spascupreel® if there 
is important muscular involvement). 


17.9.3 Pathologies of the tendon 


Syringe 1: lidocaine 1% 1 cm*+ calcitonin 
100 IU 2 cm? + diclofenac 50 mg/1 cm’. 
Syringe 2: lidocaine 1% 1 cm?’ + diazepam 
5 mg/2 cm’. 
In homeopathy: 
Syringe 1: Traumeel® or Angiacid® + Spas- 
cupreel® + Rutavine® and Belladonna® if 
acute. 


17.9.4 Degenerative pathologies 


Syringe 1: pentoxifylline 2 cm*® + B complex (B,— 
Bs—B,2) 1 cm? + calcitonin 100 IU/1 cm’. 
In homeopathy: 

Traumeel® or Angionacid® + Zeel® or Cal- 
cossin® + Spondarthin®. 


17.9.5 Carpal tunnel syndrome 


Mesotherapy can be useful in carpal tunnel syn- 
drome. In such cases, mucopolysaccharidoses, 
which modulate the inflammatory effect are 
used; where there is signif cant chronic pain, a 
tricyclic antidepressant can be useful, such as 
amitriptyline and, in cases of chronic f brosis, use 
low-molecular-weight heparin. 

In homeopathy cases, use Traumeel® + 
Angionacid® + Phosphor® + Lymphomiosot®. 


17.9.6 Pathology of the hand 


There are three hand pathologies for which 
classical treatment protocols are described: 
Dupuytren’ disease, trigger fnger and Ray- 
naud’s syndrome. 
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FIGURE 17.6 = (A, B) Summary of the puncture points for lumbar spine pathology. (Adapted from Ordiz and Gomis 


Devesa.*°). (Colour version of f gure is available online). 


17.9.6.1 Dupuytren’s disease 


Syringe 1: lidocaine 1% 1 cm* + coumarin/1 cm? 
+ sgalicylate/1 cm®> + mucopolysaccharidoses/ 
Lem’, 


17.9.6.2 Trigger finger 


Syringe 1: pentoxifylline/1 cm’? + vitamin B 
complex/1 cm’ + calcitonin 100 IU/1 cm’. 

Syringe 2: lidocaine 1% 1 cm?’ + diazepam 
5 mg/1 cm’. 


17.9.6.3 Raynaud’s phenomenon 


Syringe 1: nicardipine 2 mg/1 cm?® + lidocaine 
1% 1 cm? + pentoxifylline 1 cm’. 


17.9.7 Pathology of the spine 


In addition to the general contraindications 
in mesotherapy treatments of spinal patholo- 
gies, the following specifc contraindications 


apply: 


¢ fractures of the vertebrae 

¢ active infections 

¢ neurological compressions of 

solution. 

Because of the common neurological component 
to these pathologies, add B-complex vitamins 
routinely to any preparation administered.**”° 

As commented at the beginning of this 
section, it is especially helpful to follow a strict 
series of points in lumbar pathology (f gure 
17.6). Recent studies have demonstrated a great 
effectiveness of the mesotherapy route in the 
treatment of this pathology and with fewer side 


effects.7”* 


surgical 


17.10 MESOTHERAPY IN OTHER 
BRANCHES OF MEDICINE 


It is important to note that mesotherapy can be 
used in any branch of medicine.” After all, its 
creator, Dr Pistor, was a rural doctor who used 
it for any treatment he saw ft. 
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17.10.1 Cosmetic medicine 


Perhaps the best-known application of meso- 
therapy is in the f eld of cosmetic medicine. For 
many years, corporal mesotherapy has been the 
only far-reaching treatment for cellulite or adi- 
posis oedematosa. Although, at frst, allopathic 
and homeopathic medicine were used inter- 
changeably, at present only homotoxicology can 
be used, as well as other products such as organic 
silicium, for its treatment. 

Furthermore, mesotherapy associated with 
growth factors or low reticulated hyaluronic acid 
has had widespread use in facial antiageing medi- 
cine, in order to help conceal small lines and as 
a ref rming treatment. 


17.10.2 Hair disorders 


Mesotherapy is widely used in this feld due to 
its good results. These range from the use of 
corticosteroids in the treatment of alopecia 
areata to the injection of fnasteride and biotine 
for androgenetic alopecia, as well as the use of 
growth factors to strengthen the hair and support 
hair transplant surgery. 


17.10.3 Acne 


Both mesovaccination as well as antibiotics and 
corticosteroids have been used for the treatment 
of acne, with varying results. Commonly the 
nappage technique is used and combined with 
oligoelements. 


17.10.4 Angiology 


All sorts of vascular pathologies can be treated 
using mesotherapy, subject to having a good 
array of vasodilator, venotonic and lymphotonic 
medication, both allopathic and homeopathic. 


17.10.5 Neurology 


Headaches, facial neuralgias and chronic pain 
can be treated with amitriptyline, muscle relax- 
ants or even botulinum toxin, which is usually 
known as mesobotox. 


17.11 SCUENTIFIC EVIDENCE 


If you search for mesotherapy on the web page 
of the N ational Center for Biotechnology Infor- 
mation (http://www.ncbi.nlm.nih.gov/) based in 
the USA (the reference web page when search- 
ing for scientifc articles), up to 166 articles are 
referenced, 134 published in the last 10 years and 
107 in the last 5 years. Furthermore, in the last 


2 years the number is 52; therefore, one-third of 
articles concerning this treatment were pub- 
lished very recently. This means that mesother- 
apy is attracting interest in the scientifc 
community and the goal of realizing larger sci- 
entif c reviews is being fulf Iled. 

Most of these studies are centred on cosmetic 
medicine applications (facial, corporal and capil- 
lary) and on the side effects of mesotherapy. 
More recently, important studies have also been 
published regarding the relation between meso- 
therapy and physiotherapy. 

The most recent and important is probably 
the study published in 2012 by Mammucari 
et al.,°° in which a review of studies on the use of 
mesotherapy for the treatment of pain of a mus- 
culoskeletal origin was performed. The conclu- 
sions were that, although more studies are needed, 
the results so far indicate clinical benef ts. 

One of these studies compared the use of 
mesotherapy with traditional allopathy in the 
treatment of acute low-back pain.”' A total of 84 
randomized patients were treated with a cocktail 
of NSAIDs, lidocaine and corticosteroids using 
mesotherapy, and another group of patients were 
treated orally with NSAIDs and corticosteroids. 
T he effectiveness of the treatment was similar in 
both groups, with the advantage of using a lower 
amount of medication in the patients treated 
with mesotherapy and having a lower potential 
of side effects compared to the oral administra- 
tion group. 

Another study was published by Cachio 
et al.,” in which 80 patients with calcif ed ten- 
donitis were treated with EDTA using meso- 
therapy together with ultrasound, compared to 
placebo. The results were total disappearance of 
calcif cations in 62.5% and partial disappearance 
in 22.5%, as opposed to only 15% in the control 
group. 

Finally, the University of Oviedo in Spain 
published a study by Ordiz et al.” in which 138 
patients belonging to federated sports teams of 
the University of Oviedo were treated for 158 
pathologies: exclusively homotoxicological med- 
ications were used (Traumeel®, Zeel® and 
Spascupreel®). Healing occurred in 71% of 
patients, and a great improvement in symptoms 
occurred in 16.4%, while only 3.4% reported no 
change. 


17.12 CLINICAL CASE 


17.12.1 Mesotherapy in lumbar pain 
(f eure I'y,7) 


T he patient is a 28-year-old-male, an elite fencer, 
diagnosed with disc protrusion of L4/L5, who 
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FIGURE 17.7 =» Magnetic resonance image: sagittal 
section of the lumbar region. 


has seen a gradual reduction in capacity for 
training and an increase in pain at rest. He is 
awaiting assessment for possible surgery. Mean- 
while, the lesion incapacitates him for everyday 
work, and makes training and competition 
impossible. He has tried several physiotherapy 
sessions which have not been able to reduce the 
amount of discomfort or pain, which he only 
manages to control with oral NSAIDs (ibupro- 
fen 600 mg). 


(Clinical case continued on page 492) 
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For every complex problem, there is an answer that is neat, plausible — and wrong. 
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18.1 INTRODUCTION 


I was trained in London by Dr. James Cyriax and 
was responsible for running and teaching on his 
courses in Orthopaedic Medicine both in Britain 
and overseas. This involved teaching doctors 
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less 2 


how to do injections into joints and soft tissue, 
but I was always uncomfortable about teaching 
a skill that I had never used personally. 

Enquiries to my medical colleagues about the 
evidence regarding choice and action of inject- 
able drugs, dose, volume, placement and possible 
outcomes or side effects showed that very little 
was known and that most approaches were 
empirically based. 

Eventually I started giving injections myself 
and was surprised to find that, using the excellent 
training given by Dr. Cyriax, usually patients 
responded very well to the intervention. I came 
to the conclusion that injection therapy is a valid 
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extra tool that should be available to all physio- 
therapists working with musculoskeletal condi- 
tions. The ability to relieve pain rapidly enables 
the clinician to reduce morbidity and initiate 
early rehabilitation. 

I therefore designed the first course in injec- 
tion therapy for physiotherapists in 1995, which 
was given in Birmingham, England. Since then 
we have run many courses and now over 2000 
have completed their training and are using this 
additional skill in the UK. 

All research on injection therapy shows that 
it works, but only in the short term. After varying 
periods of time there 1s no evidence of superior- 
ity over other physical or chemical treatments, 
or doing nothing. Few studies are performed 
that examine a combination of injection followed 
by appropriate regimes that address the cause of 
the lesion. Experienced physiotherapists are 
placed in an ideal situation: they have good 
knowledge of anatomy, excellent diagnostic and 
handling skills and are able to apply the addi- 
tional treatments that almost always are required 
after any injection. These may include manual 
treatments as well as preventive advice on 
posture, rest and exercise. 

The following is a brief outline of the theory 
and practice of injection therapy. Further detailed 
information can be found in /njection Techniques 
in Musauloskeletal M edicine.' 


18.2 THE DRUGS 


18.2.1 Corticosteroids 


The commonly used injectable corticosteroids 
are synthetic analogues of the adrenal glucocor- 
ticocoid hormone cortisol (hydrocortisone), 
which is secreted by the innermost layer (zona 
reticularis) of the adrenal cortex. Cortisol 
has many important actions, including anti- 
inflammatory activity. Corticosteroids influence 
the cells involved in the immune and inflamma- 
tory responses primarily by modulating the tran- 
scription of a large number of genes. They act 
directly on nuclear steroid receptors to control 
the rate of synthesis of mRNA. However, they 
also reduce the production of a wide range of 
proinflammatory mediators, including cytokines 
and other important enzymes.” ” 


18.2.1.1 Rationale for 
using corticosteroids 


We know surprisingly little about the precise 
pharmacological effects of corticosteroids when 
they are injected directly into joints and soft 


tissues.'” '* Local steroid injections are thought 
to work by: 

¢ Suppressing inflammation in inflammatory 
systemic diseases, such as rheumatoid or 
psoriatic arthritis and gout. Synovial cell 
infiltration and proinflammatory cytokine 
expression are reduced in a multifaceted 
manner by intra-articular corticosteroid 
injection.*>>"° 

¢ Suppressing inflammatory flares in degen- 
erative joint disease. However, the patho- 
physiology of osteoarthritis is poorly 
understood, and there are no reliable clini- 
cal features that predict which osteoar- 
thritic joints will respond to injection. 
Often, the only way to find out is with an 
empirical trial of injection therapy.*'> '* 

¢ Breaking up the inflammatory damage— 
repair—damage cycle which is postulated to 
set up a continuous low-grade inflamma- 
tory response, inhibiting tissue repair and 
sound scar formation, while forming 
adverse adhesions. T here is little direct evi- 
dence to support this, however.'''””° 

¢ Protecting cartilage: there may be a direct 
chondroprotective effect on _ cartilage 
metabolism or other effects not related to 
anti-inflammatory activity of the steroids, 
e.g. promotion of articular surfactant 
production." 

¢ Direct analgesic effect: Inflammation is a 
complex cascade of molecular and cellular 
events. The precise role of inflammation in 
‘tendinitis’ is the subject of considerable 
debate, and many authors prefer the terms 
‘tendinosis’ or ‘tendinopathy’ to describe 
the pathological changes. Tendon pain may 
not be due to inflammation (tendinitis) or 
structural disruption of the tendon fibres 
(tendinosis), but might instead be caused 
by the stimulation of nociceptors by chem1- 
cals such as glutamate, substance P and 
chondroitin sulphate released from the 
damaged tendon. Corticosteroids (and pos- 
sibly local anaesthetics) may inhibit release 
of noxious chemicals and/or the long-term 
behaviour of local nociceptors. Jn vitro, 
corticosteroids have also been shown to 
inhibit the transmission of pain along 
unmyelinated C-fibres by direct membrane 
action.” 


18.2.1.2 Commonly used 
corticosteroids 


Triamcinolone acetonide 
¢ Adcortyl® (10 mg/mL — dilute) 
¢ Kenalog® (40 mg/mL — concentrated) 


18 


Kenalog® is recommended for ease of adminis- 
tration. This drug can be used in very small 
quantities so is ideal for small joints and tendons 
where distension may increase pain. Adcortyl®, 
however, is useful where larger volume is 
required, as in larger joints and bursae. The 
duration of action of the drug is approximately 
2-3 weeks. 


Methylprednisolone acetate 
¢ Depo-Medrone® (40 mg/mL 
— concentrated) 

This drug may give more postinjection pain 
than triamcinalone acetonide. It is available 
also premixed with local anaesthetic as Depo- 
Medrone® (40 mg/l mL) with lidocaine (10 
mg/mL) in 1 mL and 2 mL vials, which we do 
not recommend as it is a fixed-dose combination 
and therefore difficult to adjust. 


Hydrocortisone 

Hydrocortistab® (25 mg/mL — very dilute) 
Very soluble — this has the shortest duration of 
action of the steroids mentioned here, perhaps 
as little as 6 days. It may be particularly useful 
for superficial injections in thin, dark-skinned 
patients, where depigmentation or local fat atro- 
phy may be more noticeable. H ydrocortistab® 
20mg is equal to 4mg triamcinolone or 
methylprednisolone®*’ (table 18.1). 


18.2.2 Local anaesthetics 


T hese membrane-stabilizing drugs act by causing 
a reversible block to conduction along nerve 
fibres. The smaller nerve fibres are more sensi- 
tive, so that a differential block may occur where 
the small fibres carrying pain and autonomic 
impulses are blocked, sparing coarse touch and 
movement. Uptake into the systemic circulation 
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is important for terminating their action and also 
for producing toxicity. Following most regional 
anaesthetic procedures, maximum arterial plasma 
concentrations of anaesthetic develop within 
10—25 minutes, so careful surveillance for toxic 
effects 1s recommended for 30 minutes after 
injection if significant volumes are used.** 


18.2.2.1 Rationale for using 
local anaesthetics 


¢ Analgesic: although the effect is temporary, 
it may make the overall procedure less 
unpleasant for the patient, break the pain 
cycle (by reducing nociceptive input to the 
‘gate’ in the dorsal horn) and increase the 
confidence of the patient in the clinician, 
diagnosis and treatment. In one study, pain 
inhibition was better with bupivacaine than 
lidocaine during the first 6 hours, presum- 
ably because of its longer half-life; in later 
evaluations no differences in outcomes 
were observed. In another study, bupi- 
vacaine was superior to lidocaine at 2 weeks, 
but not at 3 and 12 months. Some practi- 
tioners inject a mixture of short- and long- 
acting local anaesthetic in order to obtain 
both the immediate diagnostic effect plus 
more prolonged pain relief.°””° 

¢ Diagnostic: pain relief following an injec- 
tion confirms the diagnosis and the correct 
placement of the solution. Sometimes even 
the most experienced practitioner will be 
unsure exactly which tissue is at fault; in 
this situation a small amount of local anaes- 
thetic may be injected into the most likely 
tissue and the patient re-examined after a 
few minutes. If the pain is relieved then the 
source of the problem has been identified, 
and further treatment can be accurately 
directed.!! 





TABLE 18.1 Commonly used corticosteroids 

Drug Dose Potency Manufacturer 
Short-acting al: 

Hydrocortisone acetate 25 me) mi Sovereign 
Hydrocortistab® 1 mLampoules cictaetatiaty 

Intermediate-acting 

Methylprednisolone acetate 40 mg/mL Pharmacia 
Depo-Medrone® nai 2 a Sm evils 

Depo-Medrone® + lidocaine me mie vials 

Triamcinolone acetonide Squibb 


Adcortyl® 10 mg/mL 


1 mLampoules, 5 mL vials 


Kenalog® 40 mg/mL 


1 mL vials 
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¢ Dilution: the internal surface area of joints 
and bursae is surprisingly large, due to the 
highly convoluted synovial lining with its 
many villae, so an increased volume of the 
injected solution helps to spread the steroid 
around this surface.'! 

¢ Distension: a beneficial volume effect in 
joints and bursae may be the physical 
stretching of the capsule or bursa with dis- 
ruption of adhesions. Distension is not 
advised at entheses, so the smallest practi- 
cable volume should be used; distension in 
tendons by bolus injection of a relatively 
large volume of solution may physically 
disrupt the fibres and compress the rela- 
tively poor arterial supply, and also give rise 
to distension pain.*! “* 


18.2.2.2 Commonly used 
local anaesthetics 


Local anaesthetics vary widely in their potency, 
duration of action and toxicity.** The most com- 
monly used for joint and soft-tissue injection are 
as follows. 
¢ Lidocaine hydrochloride (previously ligno- 
caine hydrochloride): the most widely used 
local anaesthetic, it acts more rapidly and is 
more stable than others. The effects occur 
within seconds and duration of block 1s 
about 30 minutes; this is the local anaes- 
thetic recommended in this book. 
¢ Marcain® (bupivacaine) has a slow onset of 
action (about 30 minutes for full effect) but 
the duration of block is up to 8 hours. It is 
the principal drug for spinal anaesthesia in 
the UK. We do not use it for routine out- 
patient injections because the delayed onset 
of action precludes the immediate diagnos- 
tic effect available with lidocaine, and if 
there is an adverse effect this will take a 
long time to dissipate. T here is no evidence 
of any long-term benefit from using bupi- 
vacaine instead of lidocaine. Compared to 
placebo, the effect of intra-articular bup1i- 
vacaine wears off in less than 24 hours.*°* 
Lidocaine (under the brand name Xylocaine®) 
and Marcain® are also manufactured with added 
adrenaline (which causes vasoconstriction when 
used for skin anaesthesia, and so prolongs the 
local anaesthetic effect). These preparations are 
not recommended for procedures involving the 
appendages because of the risk of ischaemic 
necrosis. Xylocaine® with adrenaline added is 
clearly marked in red. We recommend that clini- 
cians who administer injection therapy avoid 
these combination products altogether. 


18.3, POTENTIAL SIDE EFFECIS 


Side effects from injection therapy with cortico- 
steroids and/or local anaesthetics are uncommon 
and when they do occur are usually mild and 
transient. Nonetheless it is incumbent upon the 
clinician practising injection therapy to be aware 
of the presentation and management of all the 
potential minor and more serious side effects 
associated with this treatment.*° “”° 

Injection of the wrong drug is a potentially 
serious and totally avoidable problem with severe 
consequences for all concerned. Strict attention 
to the preparation protocol should prevent this. 

Consider carefully before giving corticoster- 
oid injections to pregnant or breastfeeding 
women; this therapy has been recommended for 
carpal tunnel syndrome and de Quervain’s ten- 
dovaginitis in these patients, but these conditions 
usually resolve following delivery. If used, a 
detailed discussion of the pros and cons of injec- 
tion therapy should be carefully documented.” >’ 


KEY POINTS 


Side effects from injection therapy with 
corticosteroids and/or local anaesthetics are 
uncommon. 


18.3.1 Local side effects 


Local side effects may occur when an injection 
is misdirected or too large a dose in too large a 
volume is injected too often. Subcutaneous 
placement of the steroid and the injection of a 
drug bolus at entheses must both be avoided. 
Serious local side effects are rare.”° 
¢ Postinjection flare of pain. The quoted 
figures are about 2—10% but this is well in 
excess of our own experience. W hen it does 
happen it is usually after a soft-tissue injec- 
tion, and rarely follows a joint injection. 
When corticosteroid is mixed with local 
anaesthetic the solution should be inspected 
carefully for flocculation/precipitation 
before injecting, as this may be related to 
postinjection flare of pain, which may also 
be caused by rapid intracellular ingestion of 
the microcrystalline steroid ester and must 
always be distinguished from sepsis. T here 
may be more frequent postinjection flares 
with methylprednisolone, but this may 
have more to do with the preservative in 
the drug than with the steroid itself. An 
early increase in joint stiffness following 
intra-articular corticosteroids is consistent 
with a transient synovitis.'*“*°*>° 
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¢ Multidose bottles of lidocaine contain 


parabens as a preservative. Many steroids 
will precipitate when added to it and this 
precipitate may be responsible for some 
cases of postinjection flare of pain and 
‘steroid chalk’. Parabens may also be 
responsible for some allergic reactions 
to local injections. The use of multidose 
bottles increases the risk of cross-infection 
and should be avoided. Single-dose vials of 
lidocaine do not contain parabens. 
Subcutaneous atrophy and/or skin depig- 
mentation. In one meta-analysis of shoul- 
der and elbow injections, ‘skin modification’ 
had a frequency of 4%. Skin changes may 
be more likely to occur when superficial 
lesions are injected, especially in dark- 
skinned patients. The injected drugs should 
not be allowed to reflux back through the 
needle tract — pressure applied around 
the needle with cotton wool when with- 
drawing may help. In thin, dark-skinned 
patients especially, it may be preferable to 
use hydrocortisone for superficial lesions. 
Patients must always be advised of the pos- 
sibility of this side effect, and the fact 
recorded. Local atrophy appears within 1-4 
months after injection and characteristi- 
cally proceeds to resolution 6—24 months 
later, but may take longer.’ °° 

Bleeding or bruising may occur at the 
injection site, possibly more frequently 
in patients taking warfarin, aspirin, or 
oral non-steroidal anti-inflammatory drugs 
(NSAIDs) with significant antiplatelet 
activity, e.g. naproxen. It is important to 
apply firm pressure to the injection site 
immediately following needle withdrawal. 
Steroid ‘chalk’ or ‘paste’ may be found on 
the surface of previously injected tendons 
and joints during surgery. Suspension floc- 
culation, resulting from the mixture of 
steroid with a local anaesthetic containing 
preservative, may be responsible. The 
clinical significance of these deposits is 
uncertain.°! 

Soft-tissue calcification. Corticosteroid 
injections into osteoarthritic interphalan- 
geal joints of the hand may result in calci- 
fication or joint fusion, possibly because of 
pericapsular leakage of steroids due to 
raised intra-articular pressure. N o deleteri- 
ous effects have been ascribed to this 
calcification. 

Steroid arthropathy is a well-known and 
much feared complication of local injec- 
tion treatment — it 1s also largely a myth. 
In many instances injected steroid can 
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be chondroprotective rather than destruc- 
tive. There is good evidence linking pro- 
longed high-dose oral steroid usage with 
osteonecrosis, but almost all the reports 
linking injected steroids with accelerated 
non-septic joint destruction are anecdotal, 
and mainly relate to joints receiving huge 
numbers of injections. A reasonable guide 
is to give injections into the major joints in 
the lower limbs at no less than 3—4-month 
intervals, although this advice is based on 
consensus rather than evidence. Reports of 
Charcot-like accelerated joint destruction 
after steroid injection in human hip oste- 
oarthritis may reflect the disease itself 
rather than the treatment. Currently no 
evidence supports the promotion of disease 
progression by steroid injections. Repeat 
injections into the knee every 3 months 
seem to be safe over 2 years.'07! 77. °° 
One study determined the relationship 
between frequent intra-articular steroid 
injection and subsequent joint replacement 
surgery in patients with rheumatoid arthri- 
tis who had received four or more injections 
in an asymmetric pattern in a single year. A 
subset of 13 patients with an average of 7.4 
years of follow-up was established as the 
cohort of a 5-year prospective study. T his 
highly selected cohort received 1622 injec- 
tions; joint replacement surgery was not 
significantly more common in the injected 
joints. The authors concluded that frequent 
intra-articular steroid injection does not 
greatly increase the risk inherent in contin- 
ued disease activity for these patients and 
may offer some chondroprotection.”’ 
Tendon rupture and atrophy. T he literature 
does not provide precise estimates for com- 
plication rates following the therapeutic use 
of injected or systemic steroids in the treat- 
ment of athletic injuries but tendon and 
fascial ruptures are reported complications 
of injection. This is probably minimized 
by withdrawing the needle slightly if an 
unusual amount of resistance is encoun- 
tered, and using a peppering technique at 
entheses with the smallest effective dose 
and volume of steroid. The whole issue 
of steroid-associated tendon rupture is 
controversial, disputed, anecdotal, and in 
humans not well supported in the literature, 
although it is widely accepted that repeated 
injection of steroids into load-bearing 
tendons carries the risk of rupture.®* 
The current climate of opinion 1s antitheti- 
cal towards steroid injection into and 
around the Achilles tendon. If this is being 
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contemplated it is advisable to image the 
tendon first to confirm that it is a peritend- 
initis with no degenerative change (with or 
without tears) in the body of the tendon. 
Low-dose peritendinous steroid injections 
appear to be safe and it might be safer 
to infiltrate with local anaesthetic alone. 
The patient should rest from provocative 
activity for 6-8 weeks. In rabbits, injections 
of steroid, both within the tendon sub- 
stance and into the retrocalcaneal bursa, 
adversely affect the biomechanical proper- 
ties of Achilles tendons. Additionally, rabbit 
tendons that received bilateral injections 
demonstrated significantly worse biome- 
chanical properties compared with unilat- 
erally injected tendons. Bilateral injections 
should be avoided as they may have a 
systemic effect in conjunction with the 
local effect, further weakening the tendon. 
Surgery for chronic Achilles tendinopathy 
has a complication rate of around 10% and 
should not be assumed to be a trouble-free 
treatment option.” * 

Delayed soft-tissue healing may be associ- 
ated with local steroid injection. In a study 
of rabbit ligaments the tensile strength of 
the injected specimens returned to a value 
that was equal to that of the non-injected 
controls; however, the peak load of the 
injected specimens remained inferior, with 
a lag in histological maturation. This has 
implications for the timing of return to 
activity following injection therapy.” 
Sepsis. Joint sepsis is the most feared com- 
plication of steroid injection treatment; it 
may be lethal, but it is a rarity. Local infec- 
tion occurs in only 1| in 17,000—162,000 
patients when joint and soft-tissue injec- 
tions are performed as an ‘office’ proce- 
dure. In one study local sepsis following 
injection of a pre-packaged corticosteroid 
in a sterile syringe was | in 162,000 injec- 
tions compared with 1 in 21,000 using a 
non-prepackaged syringe. Soft-tissue infec- 
tions and osteomyelitis can also occur after 
local soft-tissue injection.“°*"°**? 
Prompt recognition of infection is essential 
to prevent joint and soft-tissue destruction, 
although diagnosis may be delayed if symp- 
toms are mistaken for a postinjection flare 
or exacerbation of the underlying arthropa- 
thy. Following an injection, swelling at the 
site, increased pain, fever, systemic upset 
(e.g. sweating, headaches) and severe pain 
on all attempted active and passive move- 
ments should raise clinical suspicion of 
infection.*?*”?! 


¢ Fragments of skin may be carried into a 


joint on the tip of a needle and may be a 
source of infection. Joint infections may 
also possibly occur by haematogenous 
spread, rather than by direct inoculation of 
organisms into the joint. Steroid injection 
may create a local focus of reduced immu- 
nity in a joint, thus rendering it more vul- 
nerable to blood-borne spread. Rarely, 
injection of contaminated drugs or hormo- 
nal activation of a quiescent infection may 
be to blame.***’ 

All cases of suspected infection following 
injection must be promptly admitted to 
hospital for diagnosis and treatment. Blood 
tests (erythrocyte sedimentation rate [ESR], 
C-reactive protein [CRP], plasma viscosity, 
white blood cell differential count, blood 
cultures) should be taken along with diag- 
nostic aspiration of the affected joint or any 
other localized swelling. The needle used 
for attempted aspiration may be sent for 
culture if no aspirate is obtained. X-ray 
changes may be absent in the early stages 
of joint infection and more sophisticated 
imaging techniques such as magnetic reso- 
nance imaging and isotope bone scans may 
be helpful.***’ 

To avoid injecting an already infected joint, 
have a high index of suspicion in rheuma- 
toid patients, elderly osteoarthritic patients 
with an acute monarthritic flare (especially 
hip) and patients with coexistent infection 
elsewhere, e.g. chest, urinary tract and skin, 
especially the legs. Joint infection has been 
reported as occurring between 4 days and 
3 weeks after injection. Exotic infections 
may occur in immunocompromised patients 
following joint injection.’””” 

Aggressive therapy, including powerful 
immunosuppressive and cytotoxic drugs, is 
increasingly used in the treatment of rheu- 
matoid arthritis, and may confer increased 
susceptibility to infections. The high fre- 
quency of delayed septic arthritis in rheu- 
matoid patients after intra-articular steroid 
administration should alert clinicians to 
this complication.” 

Concern has been raised that prior steroid 
injection of the knee and hip may increase 
the risk of a subsequent joint infection fol- 
lowing joint replacement, although this has 
been disputed. Some surgeons deprecate 
the routine use of intra-articular steroids 
following knee surgery because of a per- 
ceived increased risk of infection, while 
others advocate this for postprocedural 
pain relief.”°'"’ 
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¢ If infection occurs following an injection, 
vigorous attempts must be made to isolate 
the causative organism. If this is Staphylo- 
coccus aureus the clinician should have nasal 
swabs taken and, if positive, appropriate 
antibiotic treatment should be instituted 
and no more injections given until further 
swabs confirm clearance. A review of 
aseptic technique used should also be 
undertaken.*”'”” 

¢ Intra-articular corticosteroids may be effec- 
tive following septic arthritis where pain 
and synovitis persist despite intravenous 
antibiotic treatment, and where lavage and 
repeat synovial fluid and blood cultures 
are sterile. Multidose bottles and vials 
should be avoided as they may become 
contaminated and act as a source of infec- 
tion. Drugs for injection must be stored 
in accordance with the manufacturer’s 
instructions.'”° 

¢ Rare local side-effects include nerve damage 
(severe pain and ‘electric shocks’ if you 
needle a nerve), transient paresis of an 
extremity (from an inadvertent motor nerve 
block), and needle fracture.*”*” 


KEY POINTS 


The most important local side effects that occur 
with an injection are postinjection flare of pain, 
subcutaneous atrophy and/or skin depigmenta- 
tion, bleeding or bruising, steroid ‘chalk’ or 
‘paste’, soft-tissue calcification, steroid arthropa- 
thy, tendon rupture and atrophy, joint sepsis 
and, rarely, nerve damage, transient paresis and 
needle fracture. 


18.3.2 Systemic side effects 


Systemic complications are rare’: 

¢ Facial flushing is probably the most com- 
mon systemic side effect, occurring in less 
than 1% of patients to 5%. It may appear 
within 24-48 hours after the injection and 
may last 1-2 days.°'°*!" 

¢ Deterioration of diabetic glycaemic control. 
Diabetic patients must be warned about 
this possible temporary side effect. A 
common observation is that blood sugar 
levels undergo a modest rise for up to a 
week, rarely longer. Where larger doses of 
corticosteroid than recommended here for 
single-site injection are given (or multiple 
sites are injected at one time, or over a few 
days), this may lead to a more prolonged 
(up to 3 weeks) elevation of blood sugar. 
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This may require a short-term increase in 
diabetic drug dosage, so the patient should 
be informed about the steroid drug and 
dosage given.' '°’ 

Uterine bleeding (pre- and postmenopau- 
sal) may occur. The exact mechanism 1s 
unknown but intra-articular steroid treat- 
ment causes a temporary, but considerable, 
suppression of sex steroid hormone secre- 
tion in women. In a postmenopausal woman 
postinjection uterine bleeding creates a dif- 
ficult dilemma — is the bleeding related to 
the injection, or should she be investigated 
to exclude other, potentially serious, causes? 
If this complication occurs it must always 
be taken seriously.'°*'°” 

Suppression of the hypothalamic—pituitary 
axis occurs following intra-articular and 
intramuscular injection of corticosteroids 
but at the low doses and frequencies 
described later this usually appears to be 
of no significant clinical consequence and 
we do not issue patients with a steroid 
card after injection. Rarely, however, sys- 
temic absorption of corticosteroid may 
evoke a secondary hypercortisolism similar 
to Cushing’s syndrome.''° '"* 

Clinical improvement of distant joints in 
polyarthritis is an early clinical feature sug- 
gestive of significant systemic absorption of 
locally administered corticosteroid. This 
may account for the common observation 
of symptomatic improvement in joints 
other than the one injected (box 18.1). 
Significant falls in ESR and CRP levels 
(mean fall of about 50%). Intra-articular 
corticosteroid injections can cause this in 
patients with inflammatory arthritis and 


ClO). GEA ie Suppression of the 


hypothalamic—pituitary axis 
by corticosteroid therapy 


Probably underrecognized 

May occur with single or multiple injections within 
minimum of 5 weeks 

Onset 10—14 days after injection 


CLINICAL FEATURES 


Moon face/buffalo hump 
Acne-like eruptions/ flushing 
Palpitations/tremors 
Dyspnoea/weight gain 5-8 kg 
Disturbed menstruation 


OUTCOME 


Spontaneous resolution at 3 months (1 injection) 
and 6 months (2 injections) 
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TABLE 18.2 Potential side effects of 
corticosteroid/local 
anaesthetic injection 
therapy 





Systemic side effects Local side effects 


Postinjection flare of 
pain 

Skin depigmentation, 
fat atrophy 

Bleeding/bruising 

Steroid ‘chalk’, 
calcification 

Steroid arthropathy 


Facial flushing 


Impaired diabetic 
control 

Menstrual irregularity 

Hypothalam ic-pituitary 
axis Suppression 

Fall in erythrocyte 
sedimentation 
rate/C-reactive 
protein 


Anaphylaxis (very rare) Tendon rupture/atrophy 


J oint/soft-tissue 
infection 


this effect can last for up to 6 months. T his 
needs to be taken into account when using 
these blood tests to assess the response of 
patients to disease-modifying drugs.'' 

¢ Anaphylaxis. Severe anaphylactic reactions 

to local anaesthetic injections are rare, but 
can be fatal. Anaphylactic reactions to cor- 
ticosteroid injections are extremely rare 
and are probably a reaction to the stabiliz- 
ers that the drug is mixed with, rather than 
the drug itselfi°°''0!"’ 

¢ Other rare systemic side effects from local 

steroid injection include pancreatitis 
(patient presents with abdominal pain and 
the serum amylase is raised), nausea, dys- 
phoria (emotional upset), acute psychosis, 
myopathy and posterior subcapsular cata- 
racts. In patients with sickle-cell disease a 
crisis may be precipitated by intra-articular 
injection of corticosteroids; the mechanism 
is not clear, but it is suggested that this 
treatment be used with caution in these 
patients. Tibial stress fractures and multi- 
focal osteonecrosis have been reported 
with systemic but not locally injected cor- 
ticosteroids used for athletic injuries*’*”''® 
(table 18.2). 
Despite all the above, injection therapy for joints 
and soft tissues is a relatively safe form of treat- 
ment. Adverse events can be minimized by 
ensuring that well-trained practitioners follow 
appropriate procedures. 

In a large prospective study of 1147 injec- 
tions, complications of injection therapy were 
recorded in just under 12% of patients (7% of 
injections), but almost all of these were transient. 
Only four patients (with tennis elbow) had sub- 
cutaneous atrophy but the steroid dose was four 
times the one we recommend. T he most common 


TABLE 18.3. Numbers needed to harm 
patients > 60 prescribed 
oral non-steroidal anti- 
inflammatory drugs > 2 





months” 
Number Harm caused 
ine Endoscopic ulcer 
Lime 70 Symptomatic ulcer 
ime ts 6 Bleeding ulcer 
Pan 1200 Die trom bleeding ulcer 


Reproduced from Tramer et al.” 


side effect was postinjection pain, but methyl- 
prednisolone was used, which we believe can 
cause more pain than triamcinolone. Twelve per 
cent of periarticular injections caused postinjec- 
tion pain, but only 2% of intra-articular injec- 
tions were painful. Other side effects were 
bleeding and fainting or dizziness.** 

It is safe to mix corticosteroids with local 
anaestheticsprior to injection. High-performance 
liquid chromatographic analysis to assess the sta- 
bility of combinations of triamcinolone and 
hydrocortisone when mixed with combinations 
of lidocaine and bupivacaine shows that the com- 
binations are stable when mixed together, sup- 
porting the continued use of these products in 
combination. 

Compared with the safety profile of oral 
NSAIDs, the justification for using the minimum 
effective dose of injectable drugs in the correct 
place with appropriate preparation and aftercare 
becomes evident (table 18.3). 


18.4 SAFETY 


Adverse reactions to corticosteroid are extremely 
rare: the drug more likely to provoke serious 
reaction is local anaesthetic. Simple precautions 
should always be undertaken, such as checking 
whether the patient has suffered any previous 
adverse reactions to the drug and ensuring that 
a strict aseptic no-touch technique is employed 
every time an infiltration is carried out. 


18.4.1 Immediate adverse reactions 


The most important immediate adverse reac- 
tions to injection therapy are: 

¢ acute anaphylaxis 

¢ toxicity from local anaesthetic 

* syncope. 


18.4.1.1 Acute anaphylaxis 


Patients who have an anaphylactic reaction have 
life-threatening airway and/or breathing and/or 
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circulation problems usually associated with skin 
and mucosal changes.'~* 

Acute systemic anaphylaxis results from wide- 
spread mast cell degranulation triggered by a 
specific allergen. Clinically, it is characterized by 
laryngeal oedema, bronchospasm and hypoten- 
sion. The true incidence of anaphylaxis is 
unknown; fatal anaphylaxis is rare but probably 
underestimated. A register established in 1992 
recording fatal reactions gave an incidence of 
only 20 cases a year in the UK, of which half 
were iatrogenic, mainly occurring in hospital; a 
quarter were related to food allergy, and a quarter 
were related to venom allergy.''”'”° 

True allergic reactions to local anaesthetic 
occur very rarely and mainly with the ester-types, 
e.g. procaine, and less frequently with the amide 
types, e.g. lidocaine and bupivacaine. T he patho- 
mechanism of immediate hypersensitivity reac- 
tions to local anaesthetic is largely unknown and 
is commonly regarded as ‘pseudo-allergic’ or 
‘non-immune-type’ anaphylaxis. Immunologi- 
callymediated reactionshaverarelybeen observed 
with positive skin prick tests. A patient may be 
allergic to local anaesthetic and be unaware of it. 
Previous uneventful injection is not a guarantee 
the patient will not be allergic this time, though 
it does provide some reassurance.'*' '”° 


18.4.1.2 Recognition of an anaphylactic 
reaction 


A diagnosis of anaphylactic reaction 1s likely if a 
patient who is exposed to a trigger (allergen) 
develops a sudden illness (usually within minutes 
of exposure) with rapidly progressing skin 
changes and life-threatening airway and/or 
breathing and/or circulation problems. The 
reaction is usually unexpected.'"® 

Anaphylactic reactions begin rapidly. The 
time taken for a full reaction to evolve varies. In 
a fatal reaction following an intravenous drug 
injection or insect sting the interval between 
exposure and collapse from cardiovascular shock 
is usually 5-15 minutes. There are no data spe- 
cifically relating to injection therapy. 

T he lack of any consistent clinical manifesta- 
tion and a range of possible presentations cause 
diagnostic difficulty. Many patients with a 
genuine anaphylactic reaction are not given the 
correct treatment. Patients have been given 
injections of adrenaline inappropriately for aller- 
gic reactions just involving the skin, or for vas- 
ovagal reactions or panic attacks. Guidelines for 
the treatment of an anaphylactic reaction must 
therefore take into account some inevitable diag- 
nostic errors, with an emphasis on the need for 
safety.''* 
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TABLE 18.4 Features of anaphylaxis 





Symptoms Signs 


Skin: blotches, urticaria, 
decreased capillary 
filling, clammy 
(cyanosis — late sign) 

Eyes: puffy, watering, 


Nervousness 


Feeling of impending 


catastrophe feds Sore 

Feeling ‘drunk’ or Nose: runny, sneezing 
confused 

Metallic taste, Lips/tongue/throat 
difficulty swallowing (angio-oedema) noisy 

breathing 

Abdominal or back Voice: stridor, difficulty 

pain talking, hoarse voice 


Nausea, vomiting, 
incontinence 

Itching 

Chest tightness 


Chest: tachypnoea, 
wheezing, coughing 
Pulse: tachycardia 
Blood pressure: 
profound hypotension 
Neurological: loss of 
consciousness, 
convulsions 


Difficulty breathing 


A single set of criteria will not identify all 
anaphylactic reactions. There is a range of signs 
and symptoms, none of which are entirely spe- 
cific; however, certain combinations of signs 
make the diagnosis more likely. Skin or mucosal 
changes alone are not a sign of an anaphylactic 
reaction; skin and mucosal changes may be subtle 
or absent in up to 20% of reactions. 

The features of an allergic reaction may be 
any of those shown 1n table 18.4. Onset is usually 
abrupt; the patient feels and looks ill. 

Circulatory collapse, cardiac arrest and death 
may follow. 


18.4.1.3 Treatment of severe 
allergic reactions 


Patients having an anaphylactic reaction should 
be recognized and treated using the airway, 
breathing, circulation, disability, exposure 
(ABCDE) approach and life-threatening prob- 
lems treated as they are recognized. 

The exact treatment will depend on the 
patient’ location, the equipment and drugs 
available, and the skills of those treating the 
reaction. Clinicians give injection therapy in a 
variety of settings including hospitals with and 
without ‘crash’ teams, and various community 
premises, including primary care and private 
facilities. Every clinician must prepare for the 
‘worst-case scenario’ in their setting and have a 
well-thought-out plan of action that is regularly 
reviewed in the light of current guidelines and 
individual experience. Basic life support skills 
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BOX 18.2 


Immediate action in the 
presence of severe 
anaphylaxis 





¢ Stop injecting 

¢ Summon help 

e Maintain airway 

e Administer adrenaline intramuscularly 

e Administer oxygen if necessary 

¢ Give cardiopulmonary resuscitation if necessary 

¢ Transfer the patient to hospital as quickly as 
possible if in the community 


should be acquired and maintained. Written 
protocols may be laminated and mounted in 
consulting rooms''* (box 18.2). 


18.4.1.4 Adrenaline (epinephrine) 


Adrenaline reverses the immediate symptoms of 
anaphylaxis by its effects on alpha and beta 
adrenoceptors. It reverses peripheral vasodilata- 
tion, reduces oedema, induces bronchodilata- 
tion, has positive inotropic and chronotropic 
effects on the myocardium and _ suppresses 
further mediator release. It may be harmful if 
given outside the context of life-threatening 
anaphylaxis. '~* 

Death can occur after adrenaline overdose 
in the absence of anaphylaxis. Administering 
the doses recommended in our guidelines via 
the intramuscular route should avoid serious 
problems. '™* 


18.4.1.5 Toxicity from local anaesthetic 


Toxic effects from local anaesthetic are usually a 
result of excessive plasma concentrations. Care 
must be taken to avoid accidental intravascular 
injection. The main toxic effects are excitation 
of the central nervous system (CN S) followed by 
CNS depression’ (table 18.5). 

With intravenous injection, convulsions and 
cardiovascular collapse may occur rapidly. 

Significant toxic reaction to local anaesthetic 
is very unlikely with dosages given here. 


18.4.1.6 Syncope 


A few people may faint, not as a reaction to what 
was injected, but to being injected — the result of 
pain or needle phobia. Patients who express 
apprehension before having an injection should 
lie down for the procedure; the clinician may 
be so intent upon placing the needle correctly 
that the warning features are missed. Unlike an 


TABLE 18.5 Features of local 
anaesthetic toxicity 





Symptoms Signs 
Lightheadedness Sedation 
Feeling drunk Circum oral paraesthesia 
Twitching 
Convulsions in severe 
reactions 


TABLE 18.6 Features of Syncope 





Symptoms Signs 

Anxiety prior to Apprehension 
the procedure 

Lightheadedness, Pallor 
dizziness 

Tell you they are Sweating 


going to faint 
Nausea 
Ringing in the ears 
Vision ‘going grey’ 


Slight swaying 
Pulse: bradycardia 
Blood pressure: hypotension 


anaphylactic reaction, which appears abruptly 
following the procedure, there are usually 
warning features before or during the procedure. 
There may be a history of fainting with previous 
invasive procedures, so do ask (table 18.6). 

Syncope must be distinguished from an 
adverse drug reaction, and is treated by: 

¢ reassuring patients that they will recover 

shortly 
¢ lying them down in the recovery position 
¢ protecting the airway and giving 35% 
oxygen if loss of consciousness occurs. 

Syncope may be accompanied by brief jerking or 
stiffening of the limbs, and may be mistaken for 
a convulsion by the inexperienced. Distinguish- 
ing a simple faint from a fit is helped by the 
presence of precipitating factors (painful stimuli, 
fear), and other features described above. Incon- 
tinence is rare, and recovery of consciousness 
usually occurs within a minute.'”° 


18.4.2 Prevention of 
adverse reactions 


The clinician must be prepared for any adverse 
reaction. Take the following precautions: 
¢ Ask the patient about any known allergies 
to drugs, especially local anaesthetic. 
¢ If in doubt, use steroid alone or diluted 
with normal saline. 
¢ Lie the patient on a treatment table for the 
procedure. 
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¢ Control the amount of local anaesthetic 
given (see guidelines). 
¢ Always aspirate before injecting, to check 
that the needle is not in a blood vessel. 
¢ Ask the patient to wait for 30 minutes after 
the injection. 
¢ Anyone with a suspected anaphylactic reac- 
tion should be referred to an allergy 
specialist. 
Adverse reactions to corticosteroid are extremely 
rare: the drug more likely to provoke serious 
reaction 1s local anaesthetic. Simple precautions 
should always be undertaken, such as checking 
whether the patient has suffered any previous 
adverse reactions to the drug and ensuring that 
a strict aseptic no-touch technique is employed 
every time an infiltration is carried out.'**'” 


18.5 INJ BCIION PROTOCOL 


Giving injections is easy; it 1s selection of the 
suitable patient that is difficult. It is possible to 
learn how to administer injections in a weekend; 
diagnosis, however, takes a lifetime. 

It is necessary to understand fully the infor- 
mation the patient is imparting in the history, 
to interpret clearly the signs and symptoms 
elicited in the examination and to eliminate 
the various differential diagnoses to arrive at a 
definitive diagnosis. Only in this way can one 
successfully achieve the desired result of select- 
ing the patient who might respond to injection 
therapy. T his, combined with an in-depth knowl- 
edge of functional anatomy, should enable the 
clinician to help relieve the many patients with 
pain from musculoskeletal lesions (box 18.3 and 
figure 18.1). 

We suggest the use of Kenalog-40® (triamci- 
nolone acetonide 40 mg/mL) throughout. This 
is a remarkably safe drug but any appropriate 
corticosteroid can be used. In our experience, 
Kenalog® gives less postinjection flare than 
Depo-Medrone®, particularly in soft tissues, 


13 OD. @ Es 


Indications for 
corticosteroid injections, 
with or without local 
anaesthetic 





¢ Acute and chronic bursitis 

¢ Acute capsulitis 

¢ Chronic tendinopathy 

¢ Inflammatory arthritis 

e Acute and chronic back pain and sciatica 
¢ Nerve root entrapment 
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and is equally effective. Another advantage is 
that Kenalog® can be used in both small and 
large areas. Adcortyl® (triamcinolone acetonide 
10 mg/mL) is useful where the total volume to 
be injected is over 5 mL; this allows greater 
volume for the same dose and avoids the need to 
dilute the local anaesthetic further with normal 
saline — useful when injecting hip or knee joints. 
Depo-Medrone® premixed with lidocaine is 
commonly used but it is more difficult to adjust 
doses for the individual lesion. 

The effect of the corticosteroid does not 
usually kick in until about 48 hours after the 
injection, so patients should be warned that they 
may not see any relief of pain until then. There 
is great variation in this time lag, with some 
experiencing almost immediate improvement, 
others taking several days. The drug action con- 
tinues for about 3—6 weeks. 

In thin, dark-skinned patients hydrocortisone 
may be used, especially when injecting superfi- 
cial soft-tissue lesions in order to avoid the 
potential risk of fat atrophy or depigmentation. 


18.6 LOCAL ANAESTHETICS 


We suggest the use of lidocaine hydrochloride 
but any suitable local anaesthetic can be used. 
Because of the risk of severe allergic reaction, 
the patient should be checked carefully for pos- 
sible allergy to the drug before using any anaes- 
thetic — previous dental work or skin stitches. 
Where any doubt exists, do not use it. Normal 
saline can be used to dilute the corticosteroid if 
necessary. 

Lidocaine with adreanaline, which comes in 
ampoules or vials clearly marked in red, should 
not be used because of risk of ischaemic necrosis 
in appendages. Because of its potential half-life 
of 8 hours or more, we do not recommend the 
routine use of Marcain® but occasionally it can 
be used when a longer anaesthetic effect 1s 
needed. Some practitioners like to mix short- 
and long-acting anaesthetics to gain both the 
immediate diagnostic effect and the longer ther- 
apeutic effect. 


18.7 DOSAGES 


The corticosteroid doses suggested are what we 
use for the average-sized adult and are governed 
by the individual patients age, size, general 
health and clinical history. These are guidelines 
only and none are ‘cast in stone’; it 1s up to the 
clinician to decide on variants depending on 
individual preference and patient presentation. 
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At all times, the minimum effective dose should 
be given; this will help prevent the appearance 
of adverse side effects such as facial flushing, 
intermenstrual bleeding, hyperglycaemia, skin 
atrophy and depigmentation. 

It is important to keep within the recom- 
mended maximum doses of local anaesthetic 
in order to avoid toxicity. The maximum 
doses we suggest are half those published in 
pharmacological texts, so are well within safety 
limits (table 18.7). 

In practice, this translates to the following: 

e 2% lidocaine up to a maximum volume of 

5 mL 
¢ 1% lidocaine up to a maximum volume of 
10 mL 


FIGURE 18.1 = (A, B) Subacromial bursa 
injection. (Reproduced from: Saunders S, 
Longworth S. Injection Techniques in Muscu- 
loskeletal Medicine: A Practical Manual for 
Clinicians in Primary and Secondary Care, 4th 
edn. Edinburgh: Churchill Livingstone; 2011, 
with permission). (Colour version of figure is 
available online). 


¢ dilute 1% with normal saline (0.9%) for 
volumes larger than 5 mL. 


KEY POINTS 


It is important to keep within the recommended 
maximum doses of local anaesthetic in order to 
avoid toxicity. 


18.8 VOLUMES 


Joints and bursae appear to respond best when a 
sufficient volume of fluid to bathe the inflamed 
internal surfaces is introduced. Possibly the 
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TABLE 18.7 Local Anaesthetics: Suggested Maximum Doses 





Drug Strength 


Lidocaine O57e 5 mem 
10Voe lO tie me 
2.0% 20 mg/mL 

Bupivacaine V2 Zoe) ily F 
O15 7o, 5 mem IE 


TABLE 18.8 Joint injections: suggested 
average and total volumes 





Joint Dose Volume 
Shoulder 40 mg 3) 1000) © 
Elbow 30 mg 4mL 
Wrist 20) mae TMG 
Thumb 10 mg I1mL 
Fingers 5 mg O25 mil 
Hip 40 mg Sam 
Knee 40 mg 5-10 mL 
Ankle 30 mg 4mL 
Foot 20 mg 2emile 
Toes 10 mg eG 


slight distension ‘splints’ the structure, or maybe 
it breaks down or stretches out adhesions. In a 
small patient the amounts are decreased and in 
a large patient they may be increased. Greater 
volume can be obtained by using normal saline, 
and, especially in the case of the knee joint, 
where the synovial folds encompass a large total 
area, greater volume is always recommended in 
order to bathe all the inflamed surface. 

The volumes suggested in table 18.8 are well 
within safety limits and will not cause the joint 
capsule to rupture; for instance, it is not unusual 
to aspirate over 100 mL of blood from an injured 
knee joint. In any case, the back pressure created 
by too large a volume would blow the syringe 
off the fine needle recommended, long before 
the capsule was compromised (table 18.8 and 
figure 18.2). 

Conversely, tendons should have _ small 
volumes injected. This avoids painful distension 
ofthe structure and minimizes risk ofrupture. An 
average ‘recipe’ for tendons is shown in box 18.4. 


18.9 CONTRAINDICATIONS 
TO INJ ECTION 


18.9.1 Absolute contraindications 


On no account should an injection be performed 
in the following: 
¢ hypersensitivity or allergy to any of the 
drugs used: risk of anaphylaxis 


Maximum dose (1) Suggested maximum 
200 mg 40 mL 100 mg 20 mL 

200 me 20mm 100 mg 10 mL 

200 mg 10 mL 100 mg 5 mL 

150 mg 60 mL 

ond) erie S10) rem |G, 


¢ sepsis: local or systemic: creates focus for 
microbes 

¢ reluctant patient or no informed consent 
given: medicolegal factors 

¢ children under 18 (except juvenile arthri- 
tis): children usually heal well 

¢ recent fracture site: delays bone formation 

¢ prosthetic joint: risk of infection 

¢ gut feeling: when in doubt, do not inject. 


18.9.2 Relative contraindications 


Injections should be undertaken only if the extra 
risk is merited with: 
¢ bleeding risks: anticoagulant therapy: but 
no good evidence of increased bleeding risk 
¢ haemarthrosis: but this is disputed. Pain 
relief from aspiration can be dramatic 
¢ diabetes: greater risk of sepsis; blood sugar 
levels may rise for a few days 
¢ immunosuppressed: by disease, e.g. leukae- 
mia, or drugs, e.g. systemic steroids 
¢ large tendinopathies: e.g. Achilles, infrapa- 
tellar tendon (image first) 
¢ pregnancy: medicolegal factors 
¢ psychogenic pain: pain may be perceived to 
be aggravated. 


18.10 PREPARATION PROTOCOL 


18.10.1 Prepare patient 


¢ Take history and examine patient. 

¢ Check for absolute or relative contraindica- 
tions. 

¢ Discuss all treatment options, injection 
procedure and possible side effects. 

¢ Obtain informed consent and record this. 

¢ Place in comfortable supported position 
with injection site accessible. 


18.10.2 Select drugs 


¢ Decide on total volume based on size of 
structure. 

¢ Choose dose of drug/s; use minimal effec- 
tive amount. 
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BOX 18.4 





¢ Small tendons: 10 mg of steroid plus local in a 
total volume of 1 mL 

¢ Large tendons: 20 mg of steroid plus local in a 
total volume of 2 mL 


¢ Select corticosteroid and/or 
local anaesthetic ampoules. 
¢ Check names, strengths and expiry dates. 


single-use 


18.10.3 Assemble equipment 


e Appropriate-size in-date sterile syringe. 

¢ Sterile in-date green 21G needle for 
drawing up. 

¢ Sterile in-date needle of correct length for 
infiltrating. 

¢ Alcohol swab or iodine skin preparation. 

¢ Cotton wool/gauze and skin plaster — check 
for allergy. 


FIGURE 18.2 = (A, B) Knee joint injection. (Reproduced 
from Saunders S, Longworth S. Injection Techniques in 
Musculoskeletal Medicine: A Practical Manual for Clini- 
cians in Primary and Secondary Care, 4th edn. Edinburgh: 
Churchill Livingstone; 2011, with permission). (Colour 
version of figure is available online). 


¢ Waste bin and sharps box. 
e Spare syringe and sterile container if aspi- 
ration likely. 


18.10.4 Prepare site 


¢ Identify structure and stretch skin strongly 
between finger and thumb. 

¢ Mark injection site with end of fresh needle 
cap, then discard. 

¢ Clean skin with suitable preparation in an 
outward spiral motion. 


18.10.5 Prepare injection 


¢ Wash hands with cleanser for 1 minute and 
dry well with paper towel. Open vial/s and 
ampoule/s. 

e Attach green 21G needle to appropriate- 
sized syringe. 

¢ Draw up accurate dose of steroid. 

¢ Draw up accurate dose of local anaesthetic 
if used. 

¢ Discard needle in sharps box. 
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¢ Attach needle of correct length firmly to 
syringe. 

¢ Take loaded syringe and fresh swab to 
patient. 


18.11 INJECTION TECHNIQUE 
FLOWCHART 


Use no-touch technique throughout. 


KEY POINTS 


Stretch skin strongly both sides of cleansed 
site 


Stabilize injecting hand with needle perpendicu- 
lar just above skin 


{ 
Rapidly insert needle short distance through 
skin 


Angle needle slowly and gently towards lesion 
—do not hit bone 


1 
Attempt to aspirate 


Inject solution as bolus for joints/bursae; pepper 
injection for entheses 


{ 
Withdraw needle rapidly while pressing skin 
around needle with swab 


Get patient to press on swab 


Immediately discard syringe and needle into 
sharps box 


{ 
Apply plaster unless the patient is allergic 


Record drug names, doses, batch numbers and 
expiry dates, advice and warnings given 


Reassess patient and record results 


Ensure patient waits for 30 minutes after 
injection 


18.12 FOLLOW-UP 


Most injection studies show that injections give 
demonstrable relief in the short term but there 
is not much difference from other treatments or 
no treatment at all in the long term. It is essen- 
tial, therefore, to address the causes of the pain 
once the symptoms of pain or paraesthesia have 
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been relieved by the injection. Recurrence of 
symptoms is common in bursitis and tendinopa- 
thy, so appropriate advice on prevention 1s a vital 
part of the care package. 

The ideal outcome is total relief of pain with 
normal power and full range of motion. This 
does not always occur but when local anaesthetic 
is used there should be significant immediate 
improvement to encourage both patient and cli- 
nician that the correct diagnosis has been made, 
and the injection accurately placed. 

The patient should be told that the relief of 
pain might be temporary, depending on the 
strength and type of anaesthetic used, and the 
pain may return when this effect wears off. Some 
patients describe this pain as greater than their 
original pain. This might be due to the flare 
effect of the cortisone, which is thought to be 
caused by microcrystal deposition, or because of 
poor injection technique where the needle has 
been rammed into bone, but it is also possible 
that pain that comes back after some relief might 
appear to be worse. Any afterpain is usually tran- 
sient and can be eased by application of ice or 
taking simple analgesia. 

The anti-inflammatory effect of the cortico- 
steroid is not usually apparent until about 48 
hours after the infiltration and can continue for 
3 weeks to 2 months, depending on the drug 
used, so patients should maximize the drug 
action during this period by avoiding aggravat- 
ing activities. 

Arrange to review the patient about a week or 
10 days later. If the pain is severe or begins to 
return, as occurs commonly in acute capsulitis of 
the shoulder, see that patients know that they can 
return for a further injection if necessary within 
this period. 


KEY POINTS 


The anti-inflammatory effect of the cortico- 
steroid is not usually apparent until about 48 
hours after the infiltration. 


Advise the patient on what to do and what to 
avoid in the intervening period. Joint conditions 
usually benefit from a programme of early gentle 
movement within the pain-free range; studies 
have shown that 24 hours’ complete bed rest 
after a knee injection for inflammatory arthritis 
is beneficial but in the case of the wrist immobi- 
lization does not appear to improve outcome and 
might even worsen it. Overuse conditions in 
tendons and bursae require relative rest; this 
means that normal activities of daily living can 
be followed, provided they are not too painful, 
but return to sport or strenuous repetitive 
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activity should be postponed until the patient is 
as painfree as possible. 

W hen the symptoms have been relieved, most 
patients will need a few sessions of treatment for 
rehabilitation and prevention of recurrence. 
This is particularly relevant in overuse condi- 
tions and might involve correction of posture, 
ergonomic advice, adaptation of movement pat- 
terns, mobilization or manipulation, deep fric- 
tion massage, stretching and/or strengthening 
regimes. The advice of a professional sports 
coach or of an expert in orthotics might also be 
required. 


18.13 CUNICAL CASE 


18.13.1 Patient with shoulder pain 


A 65-year-old active woman, keen on gardening, 
decided to prune a 5-metre tree at the end of her 
garden; she climbed up as high as possible and, 
using a long cutting pole, spent over 2 hours 
cutting back long branches above her head. 

Two days later she noticed an ache in her 
left deltoid area. Although she is right-handed, 
she was holding the pole aloft with her left 
arm and using her right hand for the cutting 
action for the duration of the exercise. She 
expected the ache to go away, but it gradually 
increased, and after about a week was interfering 
with her daily activities. There was no pain at 
rest; she would wake if she slept on her left side, 
and reaching above her head, out sideways, and 
behind her back caused the shoulder to hurt 
at about 6-8 out of 10 on a visual analogue 
scale. 

Three weeks after the pruning episode she 
decided to seek professional help and consulted 
a chartered physiotherapist skilled in performing 
injections for musculoskeletal pain. 


18.13.1.1 Examination 


The patient presented with pain on active eleva- 
tion and abduction with a small painful arc, and 
with some pain on passive lateral rotation but 
more on passive medial rotation. The painful 
resisted tests were abduction with weakness, 
lateral rotation and also slight pain on resisted 
extension of the elbow. 


18.13.1.2 Differential diagnosis 


Local causes 
¢ Capsulitis of the glenohumeral joint, as she 
is female and there was pain on active and 
passive flexion and passive lateral rotation. 


There will of course be some osteoarthritis 
present due to the patient’ age. 

¢ However, the history was not consistent 
with an acute flare of the joint, there was 
more pain on passive medial rotation than 
lateral, and also some resisted tests hurt 
which did not fit in with the relatively low 
level of pain. 

¢ Overuse tendinopathy or cuff tear, as the 
history could indicate this and she pre- 
sented with pain on three resisted tests — 
abduction, lateral rotation and elbow 
extension. This could imply a lesion in the 
supraspinatus, infraspinatus or triceps — or, 
indeed, all three tendons. 

¢ However, there was no sudden pain indi- 
cating a cuff tear and the triceps is rarely 
affected, especially at its origin. 

¢ Bursitis of any of the many bursae around 
the shoulder, particularly the subacromial 
bursa, as the position of holding the left 
arm in an elevated position for this length 
of time could cause impingement of this 
structure. 

¢ However, there was a complex picture 
arising from both the history and the 
examination, so other causes should be 
considered. 

¢ Haemorrhagic bursitis, but there was no 
history of trauma and no heat or swelling 
around the acromion. 

¢ Infection, such as tuberculosis, which is on 
the increase in the UK, but there was no 
sign of pyrexia or local heat around the 
joint. 


Referred causes 

¢ Cervical pathology — such as disc lesion, 
thoracic outlet syndrome, cervical zyga- 
phophyseal joint degeneration or serious 
bone or lung disease. However, there was 
no acute neck or arm pain and no paraes- 
thesia and cervical examination was pain- 
less with range, which was consistent with 
the patient’s age. There were no red flags 
indicating serious pathology. 


Systemic causes 
¢ Rheumatoid arthritis, gout or pseudogout 
can all cause shoulder pain, but there was 
no familial history of these diseases and no 
other joints were affected. Blood tests for 
ESR, CRP and uric acid could prove the 
absence of these potential diagnoses. 


Psychosocial causes 
¢ The patient appeared relaxed and there 
were no inappropriate verbal or physical 
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reactions to questioning and _ physical 

examination. 
After considering the above differential diag- 
noses, it was concluded that the most likely cause 
of pain was impingement of the subabcromial 
bursa. The ‘muddle’ of signs — some passive and 
some resisted causing symptoms, and the history 
of overuse — indicated that impingement of the 
bursa under the acromial arch had occurred. The 
positive triceps test was not caused by irritation 
ofthe tendon but was because of pressure on the 
bursa by the upward shift of the humerus. 


18.13.1.3 Treatment 


The diagnosis of subacromial bursitis was 
explained to the patient using anatomical aids, 
and various ways of treating it were discussed. 
The options were to try rest, physiotherapeutic 
methods such as mobilization, stretching and 
postural correction, oral anti-inflammatory 
medication (NSAIDs) or injection of a corticos- 
teroid into the inflamed space. 

The patient had tried rest and was anxious to 
get back to her normal very active life. The evi- 
dence for physiotherapeutic intervention for this 
lesion in the acute stage is poor, and certainly 
exercise routines would most probably further 
inflame the bursa. Due to the patient’s age, long- 
term use of NSAIDs was inadvisable because of 
the established risk of gastric bleeding. She 
therefore decided that she would undergo sub- 
acromial injection into the bursa. 

Absolute contraindications — known allergy to 
the drugs or any infection present — were elimi- 
nated and the potential risks of infection or flare 
were clarified. The patient gave her consent. 

The injection consisted of 40 mg triamci- 
nolone acetonide and 4mL of 1% lidocaine 
given under sterile conditions. The patient 
reported minimal discomfort during the injec- 
tion. Repeat testing of passive flexion and medial 
rotation, plus resisted testing of abduction and 
lateral rotation of the shoulder, showed pain was 
reduced from 7/10 to 2/10 with no evidence of 
weakness. 

Advice on erect posture was given and the 
patient was instructed to refrain from lifting her 
left arm above shoulder level for 10 days. The 
shoulder was taped into a depressed and laterally 
rotated position with recommendation to keep 
this on for about 4 days (using clingfilm to cover 
the tape when showering). She was advised that 
the effect of the anaesthetic would last about an 
hour, but the cortisone would probably take 
about 2—3 days to kick in. 

The patient returned for follow-up 10 days 
later and reported no pain on sleeping or 
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movement after a couple of days. She was then 
given retraction exercises to encourage more 
space under the subacromial arch and the impor- 
tance of good posture, especially when sitting at 
the computer, was reinforced. She was also told 
to moderate her gardening activities! 


(Clinical case continued on page 493) 
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19.1 INTRODUCTION 


Despite research into eccentric loading, other 
rehabilitation and injection therapy, Achilles 
tendinopathy (AT) often becomes chronic and 
proves resistant to these interventions for many 
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patients. To deal with chronic AT, a treatment 
method using high-volume injection under 
image guidance has been developed. A large 
volume of saline is injected under ultrasound 
(US) guidance in the tissue around the tendon 
to remove adhesions between the tendon and the 
surrounding tissue and to disrupt ingrown vessels 
and nerve endings to the tendon.'” 

The method of using high volumes of saline 
in the treatment of soft-tissue injuries is not new, 
and has previously shown good long-term results 
in patients with ‘frozen’ shoulder, where disten- 
sion of the glenohumeral joint resulted in 
symptom relief.’ This hydrodilatation, some- 
times referred to as distension arthrography, has 
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been proposed and widely tested as a therapeutic 
procedure for glenohumeral joint contracture.’ 
It is proposed that its benefits are derived from 
a combination of the anti-inflammatory effect of 
cortisone with the mechanical effect of joint dis- 
tension (reflected by radiological distension of 
the capsule and subacromial bursa), thereby 
reducing the nociogenic effect of capsular stretch 
on the glenohumeral joint capsule and its perio- 
steal attachments.” Hydrodilatation was first 
used by Andren and Lundberg in 1965.” High- 
volume image-guided injection (H VIGI) for the 
treatment of chronic AT was first performed in 
2002 and initial data were published in 2008.' 
Since then there have been five further studies 
from four different centres on HVIGI,”® all 
reporting similar results, with a decrease in the 
pain perceived by patients on visual analogue 
score, a reduction in size and vascularity post- 
HVIGI, high patient satisfaction and improved 
functional Victorian Institute of Sports Assess- 
ment — Achilles (VISA-A) scores in both the 
short and medium term, with the critical benefit 
of rapidly returning many patients to sport. 

H VIGI has been most commonly used in AT. 
AT is acommon overuse disorder among recrea- 
tional and professional athletes, accounting for 
6-18% of all running injuries in athletes,’’ and 
with a lifetime risk of 52% in elite distance 
runners.'” The non-athletic population is not 
exempt from AT, with at least 33% of AT patients 
being sedentary.'''* The condition affects both 
sexes irrespective of age, but with a higher inci- 
dence in middle-aged men (35-45 years).”'> The 
overall incidence of AT is about 2.35 per 1000 
in the general population.'° 


19.2 AETIOLOGY OF ACHILLES 
TENDINOPATHY 


T he aetiology of AT is not well understood, but 
is considered to be multifactorial.'”~° The list of 
potential risk factors for AT is long, including 
age, obesity, diabetes mellitus, hypertension, 
dyslipidaemia, systemic inflammatory disorders 
such as rheumatoid arthritis, fluoroquinolone 
antibiotics, trauma, abnormal lower-limb anat- 
omy, high-intensity or poor training technique, 
poor equipment or extreme environmental con- 
ditions such as heat, cold and humidity.'®*'~* In 
addition, there is growing evidence of genetic 
predisposition.” Many terms have been used to 
describe AT, such as tendinitis (indicating inflam- 
mation), tendinosis (indicating degeneration) 
and tendinopathy. The general term tendinopa- 
thy is most widely used, indicating a failed 
healing response with characteristic changes in 


tenocytes (proliferation or apoptosis in more 
advanced presentations), disruption of collagen 
fibres, increase in non-collagen matrix and 
neovascularization.*° Recent evidence suggests 
that hypervascularization and neovascularization 
combined with neoneural ingrowth may play a 
significant role.*’°' However, neovascularization 
is only part of the picture in AT, as it has been 
reported in athletes without symptoms,” con- 
tradicting earlier findings that it only occurs in 
symptomatic patients.’ The combination of 
both the intratendinous changes and neovessel 
and neoneural ingrowth leads to thickening and 
adhesions, in particular around the paratenon 
and the fascia cruri.”” 

In contrast to failed healing, the severed or 
ruptured tendon typically undergoes three 
healing phases: (1) an acute inflammatory phase 
(lasting days); (2) a proliferative phase (lasting 
around 3 weeks), during which fibroblasts 
produce new collagen and endothelial growth 
factor that facilitates neovascularization; and 
(3) a collagen remodelling phase, lasting up to a 
year, accompanied by decreased cellularity and 
vascularity.** 


19.3, DIAGNOSIS OF ACHILLES 
TENDINOPATHY 


There is no specific test for the diagnosis of AT, 
so diagnosis is based on history, pain, localized 
tendon swelling, morning stiffness and impaired 
performance with a decrease in calf muscle 
strength and endurance.’ *’ The development of 
musculoskeletal US has been helpful to confirm 
and quantify tendon pathology, but some pathol- 
ogy lesions are asymptomatic and some people 
with pain do not have pathology, so imaging 
alone is not diagnostic and it is not possible to 
confirm pain with imaging.”* US can be used 
to measure the size of the tendon, visualize 
AT shape and location, evaluate tendon echo- 
genicity and assess paratenon change, while 
also detecting calcification, bony spurs, cystic 
changes, bursal pathology and partial or com- 
plete tears.°*° In addition to the grey-scale 
changes, power and colour Doppler can be used 
to detect and grade neovascularization within 
and around the tendon.”! 


19.4 TREATMENT OF ACHILLES 
TENDINOPATHY 


The initial management of AT is typically con- 
servative treatment. Specifically, the mainstay of 
AT management is rehabilitation and graduated 
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tendon loading. For the last decade a more 
active approach to AT rehabilitation has become 
popular.”'' Although eccentric exercises are 
widely practised, scientific data supporting the 
eccentric rehabilitation regime are sparse.’*'* 
Most studies *° and systematic reviews,*’** 
however, support the continued use of eccentric 
exercises. Adjuncts that are useful to manage 
symptoms include load modification (reducing 
activities that load the tendon heavily), analgesia 
with paracetamol or non-steroidal anti- 
inflammatory drugs (NSAIDs), icing, manual 
therapy (e.g. frictions) and correction of biome- 
chanics issues (including orthotics) and training 
errors. If these initial interventions fail, shock- 
wave therapy, injection and surgery may be 
considered.’ There are only a few randomized 
controlled studies published for most treatments 
of AT.** Early intervention is often advised, as 
the management of manifest AT 1s complicated 
and often the condition becomes chronic.”*° 

Several substances can be injected to treat AT, 
including corticosteroids, polidocanol or autolo- 
gous blood in and around the tendon, with mixed 
results.’ >' Corticosteroids have not shown any 
significant long-term benefit’? and are anecdo- 
tally suspected to result in increased risk of 
tendon atrophy and rupture.’ Multiple polido- 
canol injections under US guidance around the 
neovascularization were found to reduce pain 
after activity,” but the original results have not 
been confirmed and the procedure is now rarely 
practised.”' Autologous blood injections and 
other blood products have been used, with no 
good controlled randomized studies to support 
their use in AT..*?> UK National Institute for 
Health and Care Excellence (NICE) guidelines 
state that current evidence on safety and efficacy 
of autologous blood injections is inadequate 
in quantity and quality (NICE™ intervention 
procedure guidance, January 2013) and they are 
presently only recommended after special 
arrangements for clinical governance, consent 
and audit or research. Platelet-rich plasma appli- 
cations have not been shown to have any benefi- 
cial effects acutely” or at long-term follow-up.” 
Similarly, prolotherapy, the injection of hyper- 
tonic glucose with local anaesthetic injected 
alongside the site of maximum pain or neoves- 
sels, has not been shown to be more effective 
than eccentric exercises or a combination of 
both,” although US-guided injections have 
shown favourable results.°° Electrocoagulation 
of the neovascularization has also shown good 
short-term results.°’ There are numerous other 
approaches which offer some promise, including 
tissue engineering, biomaterials’** and genetics,” 
but none is currently used in routine clinical 
practice and more research is needed. 


19.5 HIGH- VOLUME IMAGE-GUIDED 
INJ ECTIONS 


The aim of HVIGI is to reduce the pain and 
stiffness suffered by AT patients, therefore allow- 
ing patients an early return to progressive loading 
and ‘normal’ activity, with the recommendation 
to implement an ongoing rehabilitation pro- 
gramme to avoid future relapses. 

The theory behind HVIGI is in many ways 
similar to the theory behind surgical tenolysis. A 
physical stripping of the tendon and stretching 
will potentially result in compression or disrup- 
tion of the neurovascular and neural ingrowth 
from Kager’s fat pad. The distension with saline 
is thought to physically break down peritendi- 
nous adhesions, but injected drugs may poten- 
tially also have a positive chemical effect on the 
AT. Direct neurotoxicity of Marcain® 0.5% on 
pain fibres may affect the pain sensation. Low- 
dose cortisone (1.e. 25 mg of hydrocortisone 
acetate) is used primarily to prevent an acute 
mechanical inflammatory reaction produced by 
the large amount of fluid injected and to sup- 
press the local healing response (and therefore 
reduce the formation of more adhesions). 
H owever, the steroid may have effects on tendon 
pathology and pain, for example, reducing teno- 
cyte proliferation and influencing potential bio- 
chemical pain such as substance P.* 


19.5.1 High-volume image-guided 
injection procedure (box 19.1, 
figures 19.1-19.3 and video 19.1) 


See box 19.1. 


19.6 REHABILITATION FOLLOWING 
HIGH- VOLUME INJ ECTION 


Rehabilitation following any injection should 
progress tendon loading, address functional defi- 
cits (e.g. strength, power, flexibility) as well as 
adhere to postinjection guidelines and precau- 
tions. Following high-volume injection in the 
Achilles tendon, the key local consideration 1s 
calf muscle function, carefully considered in the 
context of kinetic chain function. This section 
provides a brief theoretical rationale and practi- 
cal rehabilitation outline following H VIGI. 


19.6.1 Rationale for rehabilitation 
post high-volume 1mage- 
guided injection 


T he goal of rehabilitation post H VIGI is to treat 
pain, maximize tendon remodelling and healing 


4A6 


BOX 19.1 
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Clinical diagnosis 

Diagnostic ultrasound to confirm the diagnosis 
and document the echogenicity, size and site of 
tendon bulge and other characteristics such as the 
presence of calcification, cysts, bursa, bony spurs, 
paratenon changes and exclusion of intratendi- 
nous tears, fascia cruris tears and myofascial scars 
between the gastrocnemius and soleus muscle in 
the upper and mid-calf 

Assessment and grading of extent of neovasculari- 
zation using power or colour Doppler (using a 
semiquantitative scoring system for neovasculari- 
zation) (Figure 19.1A) 

Explanation of the procedure and obtaining verbal 
or written consent 

Supine procedure, with hip and knee flexed and 
hips externally rotated 

21G green needle insertion transversely from a 
medial approach using real-time ultrasound guid- 
ance and an aseptic technique 

Needle inserted at the level of maximum pain, 
maximum tenderness, maximum vascularization 
and maximum anteroposterior diameter (usually 
same site), touching the ventral surface of the 
Achilles tendon throughout its course (Figure 


19.1B) 





PAT SIN 


High-volume image-guided injection (HVIGI) procedure 


¢ 21G needle is connected to a high-pressure Luer 
lock connector 

¢ Amixture of 10 mL of Marcain® 0.5% and 25 mg 
of hydrocortisone acetate) is injected via a 10 mL 
Luer lock syringe. 

e Static and video images are obtained throughout 
the procedure with extended field of view images 
taken before and after the H VIGI 

¢ A further 40 mL of normal saline (4 x 10 mL 
Luer lock syringes) is then injected using high 
pressure (firm push) (Figure 19.1D; video 19.1) 

e At the end of the injection, the power/colour 
Doppler is turned on to check that there are no 
residual vascularization. Any residual vessels are 
treated with a further 50 mL of normal saline 
injection (figures 19.2 and 19.3) 

¢ Static and video images are taken of the vasculari- 
zation at the start and end of the procedure using 
power Doppler 

Most of the studies have used a mixture of 

Marcain® 0.5% with 25mg of hydrocortisone 

acetate followed by 40 mL of normal saline. One 

study used aprotonin (which has now been with- 
drawn for safety reasons) with similar results.° 

However, there does not appear to be any significant 

difference in the results with or without steroid. 





GO 


FIGURE 19.1 = (A) Achilles tendon with grade 3 Doppler activity. (B) Placement of high-volume image-guided 
injection (HVIGI) needle in transverse view. (C) Placement of HVIGI needle in longitudinal view. (D) Example of 
HVIGI set-up. (E) Example ofa patellar tendon patient who was rejected from treatment with HVIGI, for obvious 
reasons. (Colour version of f gure is available online). 
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FIGURE 19.2 =» Doppler ultrasound imaging prior to 
high-volume image-guided injection. (Colour version 
of f gure is available online). 





FIGURE 19.3 = Doppler ultrasound imaging after high- 
volume image-guided injection. (Colour version of 
f gure is available online). 


and restore function. As discussed, there is an 
extensive evidence base for the use of eccentric 
exercise for treating Achilles tendon pain, and 
this intervention should be considered. Some 
patients may have poor calf concentric function 
(e.g. inability to perform a calf raise through full 
range) so concentric—eccentric training may be a 
more suitable initial intervention. 

Progressive loading is important for tendon 
adaptation. Tendon response ts strain-dependent, 
and high load and time under tension are impor- 
tant to maximize tendon adaptation. Isometric, 
concentric—eccentric and eccentric loading that 
is high-load and slow (allowing high time under 
tension) has been shown to adapt the tendon, 
and increase tendon stiffness.°' Whether abnor- 
mal tendons respond in the same way is not 
known. Kongsgaard et al.” found that tendon 
stiffness reduced following heavy, slow resistance 
training, the opposite effect to that in normal 
tendons. Two recent systematic reviews have 
found no evidence for improved tendon struc- 
ture or thickness on imaging following 


loading.°** Clearly, the adaptation response of 
abnormal tendons is unclear, but progressive 
heavy load is likely to be important. 


KEY POINTS 


After H VIGI, a progressive loading is important 
for tendon adaptation. 


19.6.2 Progressing to 
impact loading 


Commencing high-impact rehabilitation to 
prepare for activities such as running and 
jumping is dictated by four criteria: (1) symp- 
toms are stable with tendon-loading exercise and 
activities of daily living, that is, the patient is not 
having a flare-up of symptoms that lasts for more 
than 24 hours following Achilles tendon loading; 
(2) movement patterns during impact loading 
are not grossly abnormal; (3) the patient requires 
this for function and would habitually require 
such capacity; and (4) other aspects of the kinetic 
chain are suitably conditioned, or potentially 
conditionable, for high-impact loading to be 
safe. The second and fourth points necessitate a 
sufficient level of underlying neuromuscular 
function and minimal pain. Gradual progression 
is the key to commencing impact loading without 
provoking symptoms. Initially, speed may be 
introduced to slow rehabilitation exercises (e.g. 
calf raises) as a bridge towards impact loading 
and stretch—shorten cycle (SSC)-biased exercise 
such as jumping. Volume should be progressed 
prior to intensity, as intense SSC activity involves 
greater tendon load and is poorly tolerated 
symptomatically by tendinopathic tendons. Fre- 
quency of fast rehabilitation is also important. 
Initially there should be 2-3 days between 
loading episodes to allow adequate monitoring 
of symptom response. 


19.6.3 Kinetic chain 


It is critical to address kinetic chain dysfunctions. 
These can be very individual and may be risk 
factors for injury or dysfunction from past 
surgery or injury. Dysfunction in the antigravity 
muscles, including gluteals and quadriceps, is 
common among AT patients. Functional restric- 
tion of movement may also be associated with 
AT. For example, reduced ankle dorsiflexion 
with the knee extended, a measure of gastrocne- 
mius flexibility, is associated with AT. Previous 
injury, such as anterior cruciate ligament recon- 
struction or meniscal injury, 1s often associated 
with contralateral lower-limb overload and AT. 
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Addressing these kinetic chain factors in reha- 
bilitation wherever possible will facilitate suc- 
cessful return to function and minimize the risk 
of recurrence. 


19.6.4 Acceptable symptoms during 
rehabilitation 


T here seems to be clinical benefit from exercise 
into pain,”''”’ but it is not clear whether pain 
during rehabilitation is necessary (e.g. to produce 
habituation) or an acceptable byproduct of 
loading. It is important to educate patients that 
some symptoms during rehabilitation are accept- 
able, provided they are transient and non- 
progressive, as this will minimize fear avoidance. 
Patients are also best placed to monitor symp- 
toms to ensure that they are remaining stable, 
and this is practically achieved by monitoring 
one or two consistent functional aggravating 
factors over time. As a guide, exercise provoca- 
tion of up to 5/10 on a visual analogue scale that 
settles within 24 hours is acceptable. W hat needs 
to be conveyed in patient education is the subtle 
but important distinction between exercising 
into pain and exercising into irritability. Patients 
should also expect some symptom provocation 
when progressing load (e.g. commencing fast 
loading), but following the gradual progression 
guidelines outlined above can minimize this. Too 
fast progression may lead to higher risk of recur- 
rence of the symptoms. 


19.6.5 Outline rehabilitation 
programme post Achilles high- 
volume image-guided injection 

Table 19.1 outlines when functional and reha- 
bilitation activities can be commenced following 


H VIGI. Immediately after the injection, patients 
are given a booklet, clearly explaining the strict 


TABLE 19.1 


rehabilitation programme (table 19.2). A dedi- 
cated specialist sports physiotherapist goes 
through the early step-by-step rehabilitation 
programme immediately after the injection. The 
suggested timeframe of the outlined rehabilita- 
tion has to be adjusted depending on the reduc- 
tion in symptoms. Return to sports may take 
2-6 weeks depending on the age and fitness of 
the patient and the length of the condition. If 
patients have been away from sport for an 
extended period prior to the HVIGI, this 
increases rehabilitation time post-H VIGI. Typi- 
cally, athletes multiply by half the time they have 
been away from sports as a minimum time for 
rehabilitation. For example, if a football player 
has not played for 6 months prior to the H VIGI, 
then s/he will need an additional 3 months of 
rehabilitation and conditioning before returning 
to competitive football after the H VIGI (tables 
19.1 and 19.2). 


19.7 ADVANTAGES OF 
HIGH- VOLUME IMAGE- 
GUIDED INJ ECTION 


See box 19.2. 


19.8 COMPHCATIONS OF 
HIGH- VOLUME IMAGE- 
GUIDED INJ ECTION 


So far only very few major complications (tendon 
rupture) have been reported. Rupture of the 
Achilles tendon may be more likely when a 
patient is rendered asymptomatic or pain free, as 
80% of patients who rupture have AT but no 
symptoms. Similarly, if patients improve clini- 
cally, then they are likely to increase their activ- 
ity and that is likely to increase the risk of 


Commencement of functional and rehabilitation activity following high- 
volume image-guided injection 





Day 1 2-3 


Rest 

Drive 

Work 

Walk 

Initial tendon-loading exercise 
Swim 

Lifting 

Aerobic exercise 
Strengthening 

Sports-specifc tendon loading 


4-6 7-9 10-12 12- 


19 HIGH-VOLUME IMAGE-GUIDED INJECTIONS 449 


TABLE 19.2. Outline rehabilitation protocol post high-volume image-guided injection 





Time frame 
Phase one — slow loading 


Day 4 Initial tendon loading 


¢ Double-leg heel raises on flat ground: 
¢ Start with 3 x 5, knee straight, once daily, slowly 


¢ Increase as able to 3 x 10 


¢ Then do single-leg heel raises on flat ground: 
¢ Start with 3 x 5, knee straight. once daily, slowly 
* Increase until able to do 3 < 10 
Commence Alfredson eccentric training (twice daily) (stop previous exercises) 
¢ Starting on toes, perform single-leg heel drops over edge of step with knee bent; 
lift on to toes with other leg and arms 
¢ Up to 3 x 15, 1-minute rest between sets 
¢ If bilateral, perform on opposite side between sets 
¢ May start with 3 x 5 if not able to complete 15 
¢ Slowly: 6-second downward phase per repetition 
¢ Repeat 3 x 15 with knee straight 


No sooner than 
day 10 
Day 7 


¢ Swimming, cycling or rowing 


Phase two — fast/power 


Commence when 
meet criteria 


Non-athletic patients: 


Add weight in backpack if exercise is painfree and able: start with 10 kg and increase 
by 5-10 kg to maximum of 50% body weight 
Non-impact ftness work (3-4 x 40-minute sessions/week) 


¢ Start when can perform 15 calf raises 


¢ Progressively increase walking endurance by 5-10 minutes/week 
¢ Only progress if symptoms are stable 


Athletes: 


¢ Start when can perform 15 calf raises, <3/10 pain with single-leg hop 
¢ Start running 5 minutes, flat ground, slow/steady pace 

¢ Increase by 5-10 minutes per week 

¢ No more than every second to third day 

¢ Only progress if symptoms are stable 

¢ When running 30 minutes, progressively commence sport 


BOX 19.2 


Advantages of high-volume 
image-guided injection 

in Achilles tendinopathy 
patients 





¢ Simple concept 

¢ Simple procedure 

¢ Safe 

¢ Cheap 

¢ No intratendon disruption 

¢ Immediate results 

¢ Rapid results 

¢ Rapid resolution of symptoms 
¢ Early return to activity 

¢ Few complications 


rupture. In a 12-year period, the authors report 
that, to their knowledge, there were two com- 
plete ruptures, one 2 years after the H VIGI, one 
after a month. In both cases there were signifi- 
cant comorbidities, including rheumatoid arthri- 
tis and long-term steroid use in one case. 

The most frequent complication is pain or 
discomfort during the procedure or immediately 


after. The fluid may cause a sensation of disten- 
sion of the ankle, which can be very uncomfort- 
able. Numbness can be reported after H VIGI 
and is usually localized around the injection, but 
occasionally patients report a completely numb 
foot, which can last for several days. A ‘flare 
response’ to the steroid in the treated area is 
occasionally reported: this is a stinging sensation 
and is reported in up to 25% of patients for a 
few days. H owever, giving NSAIDs in the 2 days 
after injection seems to reduce the frequency and 
intensity of the reaction. 


KEY POINTS 


So far only very few major complications (tendon 
rupture) have been reported. 


Localized muscle acute tears are common in 
the ipsilateral or contralateral calf or hamstring, 
as patients often try to return to sport before 
finishing their conditioning programme. T here- 
fore we recommend that a sports physiothera- 
pist prescribes the rehabilitation in the first 
period after injection, and monitors late-stage 
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rehabilitation. Patients must be aware of poten- 
tial time-consuming lifelong eccentric rehabili- 
tation and maintenance exercises. Infection 1s 
extremely rare and in a 12-year period two 
patients presented with localized cellulitis and 
one patient had a small focal abscess that needed 
draining. 


19.9 CLINICAL CASE 


This brief case study focuses on a 46-year-old 
recreational runner with right midportion AT 
treated with H VIGI. Symptoms had an insidious 
onset 5 months prior, following an increase in 
training volume (20-40 km/week, four runs per 
week) in preparation for a half-marathon event. 
Pain was localized in the right Achilles midpor- 
tion and aggravated and associated with morning 
stiffness and stiffness after prolonged sitting. 
Running more than 3 km would result in aggra- 
vation in symptoms for 2-3 days, including 
increase in morning stiffness duration and inten- 
sity and more awareness of Achilles pain and 
stiffness when arising after periods of sitting. He 
had only run sporadically, a maximum of once 
per week, over the last 4 months. 

Prior to HVIGI he had trialled Alfredson 
eccentric training exercises for 10 weeks and had 
also been advised by a physiotherapist to wear 
heel wedges in his shoes when walking and 
running. He had tried dry needling and massage 
around the Achilles and calf. He reported minimal 
improvement in morning stiffness with exercise 
but no change in symptoms following running. 

There was a relevant history of recurrent 
ankle sprains on the right side. Potential risk 
factors, such as lipid imbalance, hypertension, 
diabetes and inflammatory arthritis, were absent. 
The patient was a non-smoker and did not take 
any medication. 

T he patient was assessed by a sports physician 
in order to confirm the diagnosis of AT and 
determine suitability for H VIGI. Tenderness on 
palpation was isolated to the Achilles midpor- 
tion, and absent from the retrocalcaneal bursa. 
There was no diffuse pain around the paratenon 
or bursa that could indicate pain from these 
tissues. US imaging excluded bursa and para- 
tenon changes as well as fascia cruris and intra- 
tendinous tears. 

The patient was suitable for H VIGI as pain 
from the surrounding tissues (e.g. bursa) was 
excluded and there was no general health issues 
that would increase the risk of tendon rupture 
(e.g. inflammatory arthritis, steroid use). H VIGI 
was administered as per the injection protocol 
outlined above. T here were no adverse reactions 


or complications following injection. T he patient 
consulted a sports physiotherapist immediately 
after the injection for initial guidance regarding 
the postinjection protocol (table 19.2). Three 
days postinjection there was a repeat consulta- 
tion with the sports physiotherapist, including 
a thorough assessment of musculoskeletal defi- 
cits. Main musculoskeletal issues contributing to 
the presentation included restricted right-ankle 
weight-bearing dorsiflexion and reduced single- 
leg calf raise endurance and quality (right = 11, 
left = 26). As the patient had a deficit in execu- 
tion of a concentric task, that is, single-leg calf 
raises, a concentric—eccentric strengthening pro- 
gramme was commenced initially. T his was pro- 
gressed to an Alfredson eccentric programme as 
per the postinjection protocol (see table 19.2). 
Sixteen days postinjection he was able to com- 
mence a graduated running programme and 5 
weeks later he had successfully progressed this 
running to 30 minutes, three times per week. He 
then gradually commenced speed work (inter- 
vals) as part of his running training; hills and full 
half-marathon training were gradually intro- 
duced at 10 weeks. He continued to have minimal 
morning stiffness on some mornings after he 
had run but the 2—3-day reaction of his symp- 
toms after running was absent. At this time he 
continued his Alfredson eccentric training as a 
maintenance programme only two to three times 
a week. 


(Clinical case continued on page 493) 


19.10 CONCLUSION 


HVIGI is a cheap, safe and effective treatment 
for chronic AT. It reduces stiffness and pain with 
good short- and long-term function recovery and 
is effective in returning patients early to sport. 
Further research with randomized prospective 
blinded controlled trials is necessary to confirm 
these early promising results, and to explore 
HVIGI efficacy in other tendinopathies. 
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CHAPTER 20 





OUTCOME MEASUREMENT 
IN CLINICAL PRACTICE 


Francesc Medina Mirapeix ¢ Pilar Escolar Reina 


Measure what can be measured, and make measurable what cannot be measured. 
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The improvement of pain, strength, walking 
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sports after a treatment intervention for a 
patient with patellar tendinitis and with a 
limited ability to run short distances. 


‘Outcome measurement’ is a generic term used 
to describe the process of data collection and to 
report on the observed effect.’ In the case of a 
patient with patellar tendinopathies, this would 
encompass, for example, the process of using a 
questionnaire such as the VISA score (Victorian 
Institute of Sports Assessment — Patella: VISA- 
P)’ or others, measured at baseline and after a 
temporary interval, as well as reporting on the 
changes observed. 

Outcome measurements may be applied to a 
group of patients or to individual patients. At a 
group level, measures are usually used for the 
purpose of assessing the impact of an interven- 
tion or any other research question. For example, 
they may be used to assess the effectiveness of a 
treatment with percutaneous needle electrolysis 
on a group with a determined tendinopathy. In 
this case, the outcome measurements include the 
same tools and temporal assessment intervals for 
each member of the group. At an individual 
level, outcome measurements include a selection 
of tools and temporal intervals that are relevant 
to the patient and which, in turn, may differ 


between patients. This chapter will focus on 
individual outcome measurements, which are 
more oriented to clinical practice than to 
research, and we shall use tendinopathies as an 
example. 

Traditionally, physiotherapists have used ind1- 
vidual patient results in the form of goals or 
‘expected results’, which are used at different 
stages during the course of care: 

¢ during initial assessment, while document- 

ing the aims of treatment 

¢ during reassessments, while evaluating 

whether or not the goals are being accom- 
plished and while establishing new goals, 
depending on the new situation as treat- 
ment unfolds 

¢ at the end of the episode, to reflect the 

goals met on a discharge document. 

Goals and outcome measures are intimately 
related, as emphasized in the form shown in table 
20.1, proposed by the Canadian Physiotherapy 
Association.” H owever, the use of outcome meas- 
urements in daily clinical practice has been less 
systematically practised than results measure- 
ment per se, despite their relevance for the 
purpose of establishing treatment goals, moni- 
toring the progress of the patient’s health prob- 
lems and evaluating treatment effectiveness. 


TABLE 20.1 Treatment goal progression and outcome assessment sheet in a patient 


with low-back pain 





Client: Mr Brown Age: 40 
Outcome measures and goals First visit 


Outcome measures 


Pain intensity 
0-10 visual analogue scale 4 


Activity and participation measures 


Roland-Morris questionnaire (/24) 10 
Impairment measures 

Extension (cm) ee) 
Flexion (modified Shéeber) (cm) Srl 


Initial goals and time frame 

) Extension at 1.6 cm im l week 
t Flexion at 4.5 cm in | week 
Paine torleiieweek | 

| Roland-Morris at 5 in 2 weeks 


New goals (established in week 2) and time frame 


? Flexion >6 cm (normal) at week 3 
| Roland-Morris at <2 at week 4 


Ist week 2nd week 3rd week 4th week 


3 2 it 0 
> I 
1.4 ey 126 
322 6.2 6.3 
Here 
OK 
ere 
OK 
Here 
OK 


OK, goal acheived at the estimated week; here, goal achieved on the date indicated. 


Adapted from: the Canadian Physiotherapy Association.* 
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20.2 SELECTION OF 
RELEVANT RESULTS 


There are many results that may be relevant to 
clinical practice, as illustrated in the case example 
cited in the frst paragraph of this chapter. In this 
case, a measurement of all the possible results 
(e.g. pain, strength) may not be viable in daily 
clinical practice. Therefore, it is always impor- 
tant to prioritize the most relevant results. In 
order to make an appropriate selection it is nec- 
essary to: 
¢ be knowledgeable about some of the con- 
ceptual frameworks on relevant results in 
physiotherapy 
¢ consider applicable criteria in order to pri- 
oritize selected results. 


20.2.1 A framework for relevant 
results in physiotherapy 


Traditionally, individuals with health problems 
have been classif ed according to their illnesses 
or health condition. This tendency has empha- 
sized the need to describe the characteristics of 
the illness (aetiology, pathology and clinical 
manifestations), whereby the problems of a 
patient are reduced to acertain label (for example, 
a paraplegic, a tendinitis). In this healthcare 
model, known as the biomedical model, the main 
results are aimed at the pathology and the clini- 
cal manifestations. Historically, this model has 
ignored the many other health dimensions which 
accompany an illness or condition, such as func- 
tioning and disability. 

The World Health Organization (WHO) 
has proposed an expanded model in order to 
understand the concept of health and its rela- 
tionship to function and disability. According 
to this model, shown in f gure 20.1, functioning 
is seen as a generic concept which refers to the 


performance or the capacity for performance in 
relation to three factors (in the grey area and in 
the centre of the fgure): body structure and 
function, activity (or the tasks and actions carried 
out by the person) and participation (or involve- 
ment in a life situation). 

This model provides a more indepth descrip- 
tion of an individual’s health. For example, when 
applied to the case of the patient with patellar 
tendinopathy presented at the beginning of 
the chapter, it describes whether or not the 
functioning is normal at the level of body func- 
tion (e.g. muscle strength, pain) and at the level 
of activity (ability to run). In parallel, it under- 
lines the fact that functioning is understood as a 
result of a complex interaction between the 
health condition and the contextual factors 
(environmental and personal) that surround the 
person in question. 

This model has been the base upon which 
the International Classif cation of Functioning, Dis- 
ability, and Health (ICF) was created. This clas- 
sifcation is available in print*® and online on 
the web page http://apps.who.int/classif cations/ 
ictbrowser/D efault.aspx. It is structured into the 
components of functioning, and includes a clas- 
sif cation of environmental factors. Each compo- 
nent contains a series of domains (or chapters), 
which are listed in table 20.2. 

Each domain (or chapter) is structured into 
hierarchal categories, which are classif cation 
units that help describe the health status of a 
person in that domain. 

For example, in the domain of mobility activi- 
ties there are certain descriptive categories (for 
example, changing body position, transferring 
oneself, walking, lifting up an object), whereas in 
the self-care domain there are others (such as 
washing oneself, dressing). 

Disability 1s a generic term which is used 
to indicate that the functioning of one of the 
categories in the classif cation is abnormal or 


Health condition 
(disorder/disease) 


HM, 


Body functions and structure 


(impairments) 


Activities 
(limitations) 


Participation 
(restrictions) 





a | 


FIGURE 20.1 =» Model of functioning 
and disability.°° 


Environmental factors 


Po 


Personal factors 
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TABLE 20.2 Components and domains (or chapters) of the International Classification 
of Functioning, Disability, and Health 





Body component 
Structures 


sl Structure of the nervous system 
s2 Ihe eye, car and related structures 
s3 Structures involved in voice and speech 


s4 Structure of the cardiovascular, 
immunological and respiratory systems 


s5 Structures related to the digestive, 
metabolic and endocrine systems 


s6 Structure related to genitourinary and 
reproductive systems 


s7 Structures related to movement 
s8 Skin and related structures 


Activities and participation 


dl Learning and applying knowledge 

d2 General tasks and demands 

d3 Communication 

d4 Mobility 

d5 Self-care 

d6 Domestic life 

d7 Interpersonal interactions and relationships 
d8 Major life areas 

d9 Community, social and civic life 


negative. It also corresponds to the central part 
of the model represented in f gure 20.1, using 
the following concepts: 
¢ Impairments: these are problems in func- 
tion or structure, such as a loss of articular 
range, strength and muscular resistance or 
an alteration in the scarring of a tissue. 
¢ Activity limitations: these are diff culties an 
individual may have while executing an 
activity such as opening a can, jumping, 
lifting an object above the head, transport- 
ing something heavy. 
¢ Participation restrictions: these are prob- 
lems an individual may experience while 
taking part in life situations, such as going 
for a walk around the neighbourhood, 
working continuously for several hours, 
buying groceries. 
Traditionally, physiotherapists have based their 
goals or anticipated results on the improvement 
of impairments in several systems and even 
sometimes in the re-education of mobility activi- 
ties such as walking, maintaining or changing 
posture. Frequently, however, they have not 
been aware that they were using ICF categories. 
T he novelty of the WHO model is that it explic- 
itly def nes the concepts of functioning and dis- 
ability, using unif ed and standardized language, 
thus allowing the user to use the framework in 


Functions 


bl Mental functions 
b2 Sensory functions and pain 
b3 Voice and speech functions 


b4 Functions of the cardiovascular, haematological, 
immunological and respiratory systems 


b5 Functions of the digestive, metabolic and 
endocrine systems 


b6 Genitourinary and reproductive functions 


b7 Neuromusculoskeletal and movement-related 
functions 


b8 Functions of the skin and related structures 
Environmental factors 


el Products and technology 


e2 Natural environment and human-made changes 
to environment 


e3 Support and relationships 
e4 Attitudes 
e5 Services, systems and policies 


order to consciously select the most relevant 
results while, at the same time, describing and 
assessing the health status of a person. 


20.2.2 Criteria needed in order to 
prioritize the selection of outcomes 


Initially, it seems that the ideal is to select an 
outcome that may be affected by the treatment 
applied. Thus, when a treatment includes a tech- 
nique that supposedly impacts on the tissue or 
on a determined system, the outcome should be 
selected at the level of the impairment. 

Increasingly often, physiotherapy treatments 
not only seek an impact on an impairment com- 
ponent, but they also take into consideration the 
outcomes of both activity and participation. 
Treatments frequently employ a combination 
of techniques aimed at improving the tissues 
or defciencies (for example, laser therapy, 
strengthening exercises, percutaneous needle 
electrolysis, flexibility) and interventions aimed 
at normalizing the performance of activities 
(such as gait) by means of body-centred tech- 
niques (biofeedback, balance, propioceptive re- 
education, repetition) or by training the person 
in the performance of the activity. 

When it is just not practical to assess the 
patient for all the results at different levels, in 
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many cases a good option is to select results at 
the level of activity due to its mediator role and 
central relation to other components of func- 
tioning. This, in turn, generates a result that is 
associated with other additional benef ts. 

T herefore, changes at the level of activity can 
be associated with changes at the level of partici- 
pation restrictions (for example, to be able to run 
must lead to being able to participate once more 
in sports training) or with benef ts at the level of 
impairments (to be able to do squats again may 
reflect an improvement in joint range. 

For decades, physiotherapists have measured 
results based on the level of impairment (e.g. 
strength, range of motion). Far more recent is 
the interest in combining impairment measures 
with activities and participation. Nonetheless, 
some clinicians are still reluctant to apply these 
more recent measures. T he main barrier in these 
cases has been to assume that measuring the 
improvement at the impairment level is suff - 
cient because it entails an improvement at the 
activity level. However this is not necessarily 
true in all cases.’* 


20.3 ASSESSMENT TOOLS 


T here are many tools available for the measure- 
ment of results in physiotherapy for patients 
with tendinopathies. To measure results of the 
body function component alone, there are 
many mechanical instruments (e.g. goniometer, 
dynamometer), electrical instruments (e.g. elec- 
tromyography, video, accelerometers) or others. 

Because of space limitations, and considering 
that the activity component is the main result 
that should be prioritized, this chapter will focus 
on the available instruments for assessments at 
the activity level. 


20.3.1 Types of assessment tools 
(at the level of activity) 


There are many tests that have been used to 
measure patient function. These mainly consist 
of questionnaires with multiple items (see appen- 
dices). The existing tools can be classif ed 
according to two criteria: the specif city of the 
items’ content and the way in which they are 
administered. 


20.3.1.1 Types of tools according to the 
specificity of the items’ content 


These may be: 
¢ Specifc: they contain activities that are rel- 
evant or become affected when there is a 


specifc problem in an area (for example, 
the patella) or for a type of patient or 
aspect. However, such activities are irrele- 
vant for problems in other areas (such as 
neck pain), patients or aspects. The VISA- 
P* represents a good example of this type 
of tool. 

¢ Generic: these contain activities that are 
not specif c to any single pathology or diag- 
nosis, e.g. the physical function of the 
SF-36.° 

Among the specif c tools used to measure results 
in tendinopathies, there are four types, accord- 
ing to the area in which the items are focused: 

1. With a focus on body areas: examples 
include the Disabilities of the Arm, Shoul- 
der and Hand (DASH)'° questionnaire or 
the index of foot function."’ 

2. Patient-centred: the most representative 
tool is the Patient Specifc Functional 
Scale,'* which asks patients to identify 
three activities in which they have diff - 
culty as a consequence of their health con- 
dition. Additionally, they are asked to 
evaluate their capacity to perform each 
activity on a scale of 11 points, ranging 
from 0 (unable to perform the activity) to 
10 (able to perform the activity with no 
problem whatsoever). What sets this test 
apart from other tools is that it does not 
have a preset list of activities; rather it 
offers patients the opportunity of creating 
their own list. 

3. Centred on pathology: for example, the 
VISA-P* questionnaire or the VISA index 
for Achilles tendinopathy (VISA-A)."° 

4. Centred on an ICF domain: a ftting 
example is the Mobility Activities Meas- 
urement for Outpatient Rehabilitation set- 
tings (MOBAM)."* 

It is worth highlighting that most of the specif c 
tools available do not contain representative 
items from a single component or ICF domain. 
For example: 

¢ The VISA questionnaires use concepts 
associated with the component of limited 
activities (items 1—6), as well as restrictions 
in participation (items 7 and 8). 

¢ The DASH questionnaire includes, among 
others, activities from both domains of 
mobility activities and self-care. 

This tendency to combine items belonging to 
different components or domains was the norm 
before the existence of a conceptual framework 
with def ned domains provided by the ICF. Cur- 
rently, the tendency for new assessment tools is 
to centre these on the components and domains 
defned by the WHO. An example of this is the 
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MOBAM."™ However, at present, instruments 
that use this approach are still scarce. 


20.3.1.2 Types of tools according to 
mode of administration 


Following this criterion, measurements are 
based on observation of the patient’s perform- 
ance or self-reporting by the patient. 
¢ Assessment tools based on patient’ self- 
reporting employ direct questions in order 
to ask individuals what their level of func- 
tion is for different activities, e.g. the ability 
to walk a certain distance or the use of aids. 
An example is the DASH or the VISA-A. 
Although most of these activities allow for 
observation and judgement by the inter- 
viewer, the value of this type of tool is that 
it provides perceptual information from the 
patient’s perspective. Some of these tools are 
self-administered by the patient, and others 
have been designed for use by an inter- 
viewer, but almost all include multiple items. 
¢ The instruments based on observation of 
performance are based on the physiothera- 
pist observing the patient while he or she 
performs an activity. An example of this 
type of test, as used in tendinopathies, is the 
assessment scale of ankle lesions (ELT).'° 
There are others which are better known, 
although they have not been applied in 
tendinopathies: the 6-minute walking test,'° 
the functional reach test,'’ the Get-Up and 
Go Test'* and the Functional Independ- 
ence Measure (FIM)."” 
Some of these instruments contain a single test 
(such as the Get-Up and Go) and others use a 
battery of multiple items (ELT or FIM). In all 
cases, the fnal goal when using them should be 
to describe the real level of performance or exe- 
cution of the individual (‘reach this position and 
stop’), to identify the maximal level possible 
(‘reach this position as fast as possible and stop’), 
or both. The instruction given to the patient 
determines the sought-after goal. 


20.3.2 Format of the items 


Most of the existing tools, both those based on 
performance and self-report measures, contain 
multiple items. This section is focused on 
describing the characteristics of two basic struc- 
tural elements of the instruments containing 
multiple items (such as the DASH or ELT). 


20.3.3. Wording of the items 


The item headings contain information that 
the person who reads or observes must assess. 


OUTCOMES: EVIDENCE-BASED PHYSIOTHERAPY 


In the tools that assess the activities domain, 
the headings usually have two parts: one in 
which the activity that may be limited is 
described, and another one that provides contex- 
tual information in order to describe it. For 
example: 
¢ In the DASH, the list of specific tasks is 
preceded and put into context with the fol- 
lowing prompt: ‘Rate your ability to do the 
following activities in the last week’. 
¢ In the VISA-P the ‘sitting’ task is contex- 
tualized by the question: ‘For how many 
minutes can you sit painfree?’ 
In both of the above examples, for the purpose 
of contextualizing a given situation, qualifers 
may be used (for example, degree of diff culty) 
or quantif ers (such as the length of time). The 
most common qualif ers are: 
¢ Diffculty: the degree of extra burden that 
the activity has due to the presence of slow- 
ness, increased effort, pain or changes in 
the way it is performed. 
¢ Pain: the degree of pain that appears when 
the patient performs the activity. 
¢ Dependence: the need for human or 
mechanical assistance in order to perform 
an activity, and to what degree. 
The most common quantifers are the time it 
takes to complete an activity and the number of 
repetitions. 


20.3.4 Response formats 


The response format represents the context for 
registering the answers. The most common 
format is a closed question with a binary answer 
in a nominal scale, or on a gradual ordinal scale: 
¢ binary answers (able/unable to perform; 
independent/dependent) 
¢ gradual ordinal scales (no diff culty, mild, 
moderate, severe, complete). Normally 
there are three to fve response options, 
although sometimes scales that offer more 
alternatives are used, especially when quali- 
fying pain, such as numerical scales (from 
0 to 10). 


20.3.5 Score calculation-summary 


Summary scores provide a certain grade of 
functional capacity that the individual has in 
the assessed domain. The most common calcula- 
tion system in this type of scoring is the sum of 
the codes of the answers provided on all the 
items. This can be expressed as a proportion of 
the sum of the total raw score (85/170 in the 
case of the Five Factor Inventory) or as a per- 
centage (50%). 
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Assessment tools may provide one or two 
summary scores: some provide a single summary 
score, such as the VISA-P. Others provide partial 
scores by groups of interrelated items (subscales), 
such as the DASH. This test is composed of a 
subscale of up to 30 items, in which the scores 
are summed and transformed, by subtracting 30 
from the raw summary score and dividing this 
by 1.2: 


Score = (raw score —30)/1.2 


This transformation allows measurement of a 
range from 0 to 100, with the high scores indi- 
cating larger disabilities. Additionally, there are 
two optional modules (one for athletes, and 
another for workers), which are scored sepa- 
rately from the 30 items. The scoring for the 
module is also transformed to vary between 0 
and 100 via the following algorithm: 


Score = (raw score — 4)/1.6 


Finally, other tests provide a scoring system for 
their subscales, as well as scores or more global 
indexes from the ensemble of items, as occurs in 
the SF-36. T his instrument has eight scales, with 
scores ranging from 0 to 100, with the higher 
scores indicating a better state of health, and two 
subcomponents (mental and physical) gathering 
the items of various scales. 

When interpreting a summary score it 1s 
important to exercise caution, especially when 
comparing scores between patients. For example, 
two patients with a similar score could have dif- 
ferent limitations on the ensemble of tasks 
covered by the tool, as they may have lost (or 
gained) points in different activities. Therefore, 
although the summary scores provide a ‘gross 
number’ which is commonly considered a 
measure in an interval scale, this practice ought 
to be reconsidered.” 


20.4 SELECTION OF 
ASSESSMENT TOOLS 


The selection of an assessment tool on behalf of 
the clinician requires a thorough review of the 
tests and arguments used by the authors who 
developed the tools or by the researchers who 
have tested them. The many concepts and tech- 
nical adjectives used (for example, test-retest 
reliability, concurrent validity and others) should 
not disconcert a clinician as, in the end, behind 
these terms what we have are simply tests and 
arguments to support the tool, having estab- 
lished measurements on a certain population, 
without excessive errors (random or systematic) 
and with an assumable cost. 


20.4.1 Assessment tool selection 


This section will introduce the clinician to the 
description and interpretation of the attributes 
that one hopes to fnd in an assessment tool and, 
therefore, help to avoid choosing an inadequate 
tool. These desirable attributes can be grouped 
into three big conceptual areas, within which 
more detailed categories can be established: 
appropriateness according to the patient’ char- 
acteristics, adequacy of the metric properties and 
feasibility. 


20.4.2 Appropriateness according 
to the patient’s characteristics 


20.4.2.1 Tested on the 
target population 


Ideally, an assessment tool will have been previ- 
ously tested on the clinical population on which 
it will be used (such as, for example, patients with 
patellar tendinopathy). T his will provide us with 
relevant information both on how the metric 
properties of the tool work out on that specif c 
population group (as it can vary between groups), 
as well as information on the acceptance of the 
tool on their behalf. 

Additionally, it would be desirable to have 
normative measures obtained from the tested 
eroup, as they will be very useful in the interpre- 
tation of the measures gathered in the clinic. 


20.4.2.2 Measures which 
allow for change 


Usually, a measurement provides summary 
scores that allow for patients to demonstrate 
improvement or deterioriation. It is undesirable 
for a test to provide a measure of the highest 
levels of function (99 over a maximum score of 
100), as very little further improvement will be 
detected in that patient. This phenomenon is 
called the ceiling effect. In the opposite circum- 
stance, if the test provides a measure of the 
lowest levels, this is called a floor effect, and in 
this case, such a tool would be unable to detect 
a possible deterioration. 


20.4.3 Adequate metric properties 
20.4.3.1 Reliability 


Reliability is the degree to which, by administer- 
ing an assessment tool, one obtains scores free 
from random error — in other words, errors due 
to undetermined causes that may vary between 
measurements. T he authors or researchers of the 
assessment tool can basically measure reliability 
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in two distinct ways: repeatability (or reproduc- 
ibility) and internal consistency. 
¢ The measurement of reliability through 
repetition requires the tool to be adminis- 
tered at least twice to a group of patients, 
either by two examiners (interexaminer 
reliability) or by the same examiner on two 
different occasions (intraexaminer or test— 
retest reliability). If the same conditions are 
met when the measurements are repeated, 
the existence of discrepancies between both 
measurements suggests that some type of 
error or random measurement is taking 
place. In order to measure the percentage 
of agreement, coeffcients are used (e.g. 
intraclass correlation coeff cient, the kappa 
index). These coeffcients measure the 
degree of agreement or consistency between 
two measurements in the group of patients, 
and may assume values between 0 and 1, 
with 0 being indicative of null reliability (or 
that the variations among measurements 
can be attributed to random measurement 
errors) and | indicative of high reliability 
(or that the measurement has no error). 
¢ The measurement of internal consistency 
reliability requires the tool to be adminis- 
tered only once to a group of patients. 
Internal consistency reliability is desirable, 
especially in questionnaires with multiple 
items that seek to measure the same content 
domain. For the measurement of internal 
consistency, other coeff cients are also used 
(e.g. Cronbach’ alpha coeff cient, coeff - 
cient KR-20). Unlike the coeff cients used 
to examine reproducibility, these coeff - 
clients measure the degree of homogeneity 
among item scores, but their value also 
varies between 0 and |. The interpretation 
is similar, but follows a different reasoning: 
if a multi-item questionnaire has a high 
coeff cient of internal consistency, this indi- 
cates that someone consistently selects low 
or high answers in the group of the scale 
tems (which, in theory, measures nuances 
of asame result), and therefore that random 
error is not present in the item response, 
whether due to aspects such as incorrect 
reading of the headings, distraction, misun- 
derstanding or other reasons. 
Reliability coeff cients, estimated use of any of 
the two procedures (reproducibility or internal 
consistency), are useful in order to: 
¢ estimate the credibility that can be given to 
measures established with the given tool. 
Ideally, the coeffcients have a value of 
between 0.90 and 0.95 in intraindividual 
comparisons that take place regularly in 
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daily clinical practice, and higher than 0.7 
in comparisons between groups 

¢ calculate the standard (or typical) error of 
measurement (SEM). T his measure provides 
an estimate of the measurement error that 
could be obtained if the test were repeated 
on the same patient. The common formula 
for calculation in the case of tools in which 
the objective is the measurement of change 
is as follows (note that the higher the reli- 
ability coeff cient, the lower the SEM): 


SEM = Standard deviation 


x ./1— reliability coefficient 


(from the test—retest ) 


For example, imagine a tool that was tested on 
two occasions (test-retest) on 80 patients, for 
which the value of the reliability coeff cient was 
0.85 and the SEM was 5. This latter value means 
that the application of this tool normally (or 
typically) entails an error of 5 points. 

T his value is very useful for interpreting the 
results of a one-off assessment or to determine 
whether there is a change between repeated 
measurements. 


20.4.3.2 Validity 


T he validity of a questionnaire, in which the goal 
is to measure the results in order to assess 
changes, refers to the available arguments which 
support the tool. This, in turn, convinces those 
who are going to use it that the measures can be 
used for a stated purpose. 

The authors or researchers usually perform 
what is called a validation process, the objective 
being to accumulate proof and scientifc argu- 
ments that support the use of the tool. There are 
many ways to support claims to validity, e.g. tests 
based on comparisons with other tools, tests 
based on content. 

For example, validation of the Spanish version 
of the VISA-P® provides proof of the existence 
of a positive moderate correlation between 
scores and those offered by the dimensions of the 
physical function component of the SF-36. T his 
helps the author to reason in favour of the use 
of the scores provided by the tool. W hy? Because 
if the scoring of the VISA-P is valid and it is 
useful for the measurement of function associ- 
ated with tendinopathy, it is expected that it will 
be empirically related to another accepted 
measure of function, such as the SF-36. 

The decision on behalf of the author or 
researcher regarding which and what degree of 
evidence is needed in order for a new question- 
naire to be considered as valid depends on what 
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is thought to be convincing. In any case, several 
tests are usually used. Traditionally, according to 
the type of evidence used, different adjectives are 
used to accompany the validity term, e.g. con- 
vergent validity (for evidence based on compari- 
son with measures of similar concepts which 
result in a positive correlation, such as the previ- 
ous example), content validity. However it is 
important to emphasize that the cited adjectives 
must not disconcert the clinician regarding the 
selection of a measurement tool, because behind 
these terms, all there is are tests and arguments 
used by the authors to indicate that errors are 
not produced when the tool is used. 


20.4.4 Feasibility 


The feasibility of a tool is determined by avail- 
ability aspects (availability of the instrument, of 
the associated material, time) and the burden 
associated with the use of this tool for the clini- 
cian and the patient. For the patient, the burden 
is related to the amount of time needed to com- 
plete the tool, the diff culty derived from com- 
prehension problems and acceptability of the 
item content. For the clinician, the burden must 
be considered especially for the tools adminis- 
tered via interview or observation. The time 
needed for training in the use of the tool and the 
time it takes to administer the tool are the main 
areas for consideration. T he authors of the tools 
usually provide information on these aspects. 


20.5 INTERPRETATION OF 
THE RESULTS 


The interpretation of the results should be, on 
the one hand, for the measurements obtained at 
a determined moment in time, as well as for the 
changes in scores that occur over time. 


20.5.1 Interpretation of a one-time 
measurement in time 


See the following example. 

Tom is a 36-year-old man who attends a phys- 
iotherapy clinic due to a disabling pain located 
in his upper limb. On the frst visit, the physio- 
therapist measures, among others, the range of 
shoulder abduction (120°) and administers the 
DASH (score = 74). 

In order for a score to be of use for a physio- 
therapist and a patient it must be interpreted and 
make sense. H ow are both measures interpreted? 
T he professional will have a clinical image which 
will provide the measure of the 120° and will 


reveal any abnormality for a patient of that age. 
However, it is probable that the professional will 
not be able to answer the following questions: 
what meaning do the 74 points have? W hat is the 
measurement error associated with administra- 
tion of the DASH? And, consequently, what is 
the interval in which Tom’ true score lies? 

W hat follows are several of the methods used 
to aid in the interpretation of these measures. 
For a one-off measure to have a meaning, the 
commonly used method 1s to interpret the score 
in terms relative to the normal scores — in other 
words, the scores previously obtained by the 
instrument by an interest group, known as the 
normative group. 

The normative scores most commonly used 
are the percentile values, which represent a per- 
centage of people from the normative sample 
with scores inferior to a determined score. Table 
20.3 presents the percentiles that have been 
determined by applying a measurement tool of 
mobility activities on a group of patients who 
were treated in several centres during the month 
they started physiotherapy.”' 


TABLE 20.3 Percentiles and basic 
mobility scores at 1 month 
of treatment 





Percentile (%) Percentile (%) 





297 0 O05 64 
35,50) 1 Ole s 65 
Bd 1 61.64 67 
39°61 2 62.18 70 
41.21 3 622 We 
42.11 - 62.98 1 
42.64 a 63.43 12 
43.98 5 63°67, 76 
45.23 7 64.41 78 
46.39 10 64.76 78 
47.46 ES) 65.30 80 
48.53 15 65.66 82 
49.51 18 66.28 83 
50.49 23 66.64 84 
S38 28 67226 86 
5227) 38 GTe67 87 
SoS 35) 68.33 89 
53.97 oT 68.60 89 
54.24 38 69.49 90 
54.77 4] 69276 Z| 
55,55 46 70.83 92 
56.20 48 ROA 93 
5G) 278) a) 12.26 a5 
S718 D3 TZ 2) 
57.98 54 74.04 96 
58279 56 74.22 97 
58.97, a7 76.45 98 
59.68 60 TIN 98 
IES 6 61 83.05 100 
60.48 63 190-007 100 


Adapted from: Jette et al.” 
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For example (using table 20.3), ifa new patient 
scores 47.5, this corresponds with the 13th per- 
centile, and could be interpreted as follows: only 
13% of patients from the normative group have 
scores lower than 47.5 on this tool. 

For a one-off measure to have any signif - 
cance, another additional requirement when 
comparing it with normative data 1s that the cli- 
nician has an idea of what the most common 
measurement error is. This error is the SEM, 
already cited in section 2.4.3.1. The authors or 
researchers usually provide it after testing the 
tool on a group of participants. The SEM reports 
on the precision with which a summary score can 
be offered, as it provides an interval, within which 
the true measure can be found with a conf dence 
of 95%, according to the following formula: 


Score + 1.96 X SEM =74 + 1.96x7.1=744 14 


For example, if Tom scored 74 at baseline and the 
SEM of the instrument is 7.1,” it is possible to say 
that the real score is in the interval of 60-84 
points, with a 95% conf dence interval (CI). 

This last method can be used if the SEM or 
95% CI are available. The method based on 
ordering the percentiles has the inconvenience 
of being highly dependent on the existence and 
quality of normative data for the tool. 


20.5.2 Interpretation of the measure 
of change in time 


Tom attends a physiotherapy centre for 3 weeks. 
He progresses and is now able to do more 
activities with his upper limb. The physiothera- 
pist administers the DASH test at the end of the 
3rd week and he scores 24. 

Can we affrm without any doubt that the 
measurement of change (74 — 24 = 50) is not due 
in any way to the measurement error of the tool? 
Is the amount of change enough to be repre- 
sentative of truly relevant clinical changes? Or, 
even though there is a numerical improvement, 
does this not necessarily constitute one that is 
clinically relevant? 

T he interpretation of any change between two 
measurements taken at different times is usually 
the result of the comparison between the amount 
of change registered (50 in the case of Tom) and 
some of the following reference measures: 

¢ Minimal detectable change (MDC): the 

MDC represents the smallest difference 
above which one can consider that actual 
change beyond measurement error has 
occurred between assesments. The MDC 
is usually provided by the authors of the 
tools. For example, the MDC of the DASH 
is 12.7.” 
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For example, in the case of Tom, as his 
measurement of change (50) exceeds the 
value of the MDC, one can affrm that it is 
unlikely that the change is due to measure- 
ment error. 

¢ Minimal clinically important difference 
(MCID): The MCID 1s so called because it 
represents the smallest difference in score 
which patients perceive as being benef cial. 
The MCID is usually provided by the 
authors of the tools. For example, the 
MCID of the DASH is approximately 15.” 

For example, in the case of Tom, as his 
measurement of change (50) exceeds the 
value of the MCID, one can affrm that it 
is probable that the change of score is 
accompanied by a signif cant clinical change 
for the patient and therefore this should 
probably be accompanied by an update in 
the therapeutic plan. 

T he procedure for calculating the MDC and the 
MCID is beyond the scope of this chapter. W hat 
is most relevant on this topic is the interpreta- 
tion of these measures. 


20.6 THE USEFULNESS OF 
OUTCOME MEASURES 


T he use of outcome measures in clinical practice 
can be useful, at least in fulflling the purposes 
cited below. Note that group measures are 
required for all of these, except for the frst in 
the list. Although, up to this point, this chapter 
has focused on individual measures (or the com- 
parison of measures from the same patient), this 
section offers an additional vision into the oppor- 
tunities that are made possible by considering 
outcomes at a group level. 


20.6.1 Decision making in the 
process of care 


The use of outcome measures, especially when 
applied to activities, provides information that 
can be used with several goals: 
¢ as a baseline from which to establish the 
goals of the intervention 
¢ as reference measurements that indicate 
both the patient’ initial capacity and that 
stimulate a progression towards improve- 
ment from the initial episode 
¢ as reference measurements regarding the 
security and conf dence of the patient when 
performing specif c tasks 
¢ as evidence of the effectiveness of the inter- 
vention which may be used to change or 
end the therapeutic plan. 
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20.6.2 Research 


The goal of research is to develop or produce 
new knowledge which can be, ultimately, gener- 
alized to the larger population. This new-found 
knowledge could be related to the identif cation 
of factors associated with a result; the impact of 
a specif c intervention or programme; the under- 
standing of the best result predictors; the metric 
properties of the applied instruments, or other 
factors. 

Such knowledge can be acquired, for example, 
via highly controlled experimental studies (clini- 
cal trials) or the well-organized analysis of the 
results that occur in a centre or a network of 
centres. This last option is called outcomes 
research, and is accessible to centres that accu- 
mulate data in real time. Outcomes research 
uses the databases that include results and data 
on the use of services and characteristics of the 
patients to examine relations. The databases 
may also be used to perform epidemiological 
studies which describe limitation and recovery 
patterns, or the distribution of the determinants 
of disability. 

In any case, in order to provide new knowl- 
edge through research, whether or not the data 
used were already gathered, or whether the data 
proceeded from new patients at the start of a 
study, it is important to remember that it is nec- 
essary to use appropriate sample sizes and analy- 
ses that are more complex than those provided 
by individual case data. 


20.6.3 Assessment of 
the quality provided 


T he results accumulated in the databases of clin- 
ical centres can be used to develop quality meas- 
ures, for example, by determining the proportion 
(adjusted) of patients with supraspinatus tendin- 
opathies who demonstrate an improvement in 
the DASH, above the MCD (or MCID) in the 
period of x weeks. 

T hese measures are indicators of the quality 
of assistance provided to the patient on behalf of 
the professionals and coordinators of the centre 
and can be, in turn, used for several purposes: 

¢ To improve quality of care. The use of 

quality measures (or indicators) with this 
purpose requires a frst evaluation and 
baseline of the results registered up until 
then to be established. Also, opportunities 
for improvement should be identifed and 
consequent effort made, as well as further 
re-evaluation in order to assess the effect of 
these efforts. This process can be devel- 
oped for the quality improvement, both in 


an institution or centre, as well as through- 
out several establishments. 

¢ To provide information to the range of 
interested public: potential clients, consult- 
ants who purchase health services for their 
clients, healthcare legislators. The infor- 
mation may help them to compare and 
select providers, and even achieve applica- 
ble accreditation processes. 


20.6.4 Evidence-based clinical 
practice (EBCP) 


EBCP, also initially called ‘evidence-based medi- 
cine’, represents integration of the individual 
clinical competency with the best external clini- 
cal evidence available, together with the patient’ 
own preferences and the centre facilities (space, 
equipment, time). Evidence-based medecine is 
an expression from the former movement for 
improvement of clinical quality, which was 
empowered by the revelation that many clinical 
decisions lacked foundation, and also by the con- 
siderable variability in the medical practice. T his 
movement began in the 1960s, when the design 
of clinical trials began to be applied to the 
medical f eld. 

EBCP requires searching for and identifying 
relevant studies in the literature in order to: 
respond to a clinical question that 1s posed; eval- 
uate the studies critically; and assess the proba- 
bility of applying the results of the study/studies 
selected to the clinical situation. This informa- 
tion needs to be valued by the clinician, who 
screens it and makes a decision considering his 
or her clinical experience, the availability of the 
centre and the needs of patients (comorbidities, 
pattern of disability). In this assessment it may 
be helpful to have a database of results from the 
centre,” as the results may contain information 
about what occurred in the centre, more specif - 
cally with patients who have a similar condition 
to those for whom the same decisions are to be 
applied. 

The best external clinical evidence available 
refers to the relevant clinical research that exam- 
ines the tests and measurements of the clinical 
exam, as well as the prognostic markers, effec- 
tiveness and safety of the treatments.” T he prac- 
tice of EBCP implies searching for the best 
external evidence in order to respond to clinical 
questions. This is not restricted to randomized 
controlled trials and meta-analyses, but rather 
the emphasis is in relation to the content of the 
clinical question. For example: 

¢ In order to understand the exactness of a 

measurement, appropriate cross-sectional 
studies of patients clinically suspected of 
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presenting the disorder in question are 
needed, not randomized controlled trials. 


¢ For a question related to prognostic infor- 


mation, adequate patient follow-up studies 
are needed. 


¢ When questions regarding treatment are 


20. 
1, 


2. 


10. 


posed, randomized controlled trials are 
preferable, as well as systematic reviews of 
several randomized controlled trials. 
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20.8 APPENDIX 
Appendix 1: VISA-P score 


1. For how many minutes can you sit pain free? 


0 mins FIP ICI EI EI EI E11 1s 100 mins Points [_ | 


0 1 2 3 4 5 6 7 8 9 10 


as Do you have pain walking downstairs with a normal gait cycle? 

strong 

svre LINDO OOO MOOD oopain Points [_] 
pain 


0 1 2 3 4 5 6 7 8 9 10 


35 Do you have pain at the knee with full active non-weightbearing knee extension? 
strong 

severe LIOI OI MIMI MIMI LIC 010) no pain Points [_] 
pain 


0 1 2 3 4 5 6 7 8 9 10 


4. Do you have pain when doing a full weight bearing lunge? 
strong 


severe OOOOOOOOOOo no pain Points [|_| 


pain 
0 1 2 3 4 5 6 7 8 9 10 


5. Do you have problems squatting? 


Unable CI CI CI C C4 C4 CI = C C4 CI no problems Points [| 


0 1 2 3 4 5 6 7 8 9 10 


6. Do you have pain during or immediately after doing 10 single leg hops? 


strong severe ] ] 1 ] ] ] CI ] CI CI CI no pain Points [| 


pain/unable 
0 1 2 3 4 5 6 7 8 9 10 


7. Are you currently undertaking sport or other physical activity? 


0 O Not at all 

4 O Modified traming + modified competition 

7 O Full traming + competition but not at same level as when symptoms began 
10 O Competing at the same or higher level as when symptoms began 
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8. Please complete EITHER A, B or Cin this question. 
¢ If you have no pain while undertaking sport please complete Q8a only. 


¢ If you have pain while undertaking sport but it does not stop you from completing the activity, 
please complete Q8b only. 


¢ If you have pain that stops you from completing sporting activities, please complete Q8c only. 


8a. If you have no pain while undertaking sport, for how long can you train/practise? 


NIL 1—5 mins 6—10 mins 7-15 mins >15 mins 


I oO J (J [J points F 


OR 


8b. If you have some pain while undertaking sport, but it does not stop you from 
completing your traming/practice for how long can you train/practise? 


NIL 1—5 mins 6—10 mins 7-15 mins >15 mins 
O O O oy oy 
0 4 10 14 20 Points [|_| 


OR 


8c. If you have pain which stops you from completing your training/practice for how long can you 


train/practise? 
NIL 1—5 mins 6—10 mins 7-15 mins >15 mins 
O O O =) O 
0 2 5 7 10 Points [|__| 


TOTAL VISA SCORE CJ 


Adapted from: Visentini PJ, Khan KM, Cook JL et al. The VISA score: an index of severity of symptoms in patients with 
jumper’s knee (patellar tendinosis). Victorian Institute of Sport Tendon Study Group. J Sci Med Sport 1998;1(1):22-28. 
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Appendix 2: Disabilities of the Arm, Shoulder and Hand (DASH) 


Please rate your ability to do the following activities in the last week by circling the number below the 
appropriate response. 








NO MILD MODERATE SEVERE UNABIE 
DIFFICULTY DIFFICULTY DIFFICULTY DIFFICULTY 

1. Open a tight or new jar. 1 2 3 4 %) 
2 W tite. 1 23 3 4 5 
3. Turn a key. 1 2 3 - 5 
4. Prepare a meal. 1 i 3 4 5 
5. Push open a heavy door. 1 2 3 4 5 
6. Place an object on a shelf above your head. 1 74 3 4 5 
7. Do heavy household chores (e.g., wash walls, 1 2 3 4 5 
wash floors.) 
8. Garden or do yard work. 1 2 3 | 5 
9. Make a bed. 1 2 3 4 5 
10. Carry a shopping bag or briefcase. 1 Z 3 4 5 
11. Carry a heavy object (over 10 Ibs) 1 2 3 4 5 
12. Change a lightbulb overhead. 1 D4 3 4 5 
13. Wash or blow dry your harr. 1 2 3 4 5 
14. Wash your back. 1 4 3 4 5 
15. Put on a pullover sweater. 1 2 3 4 5 
16. Use a knife to cut food. 1 2 3 4 5 
17. Recreational activities which require little effort 

(e.g., cardplaying, knitting, etc.). 1 2 3 4 5 
18. Recreational activities in which you take some force 

or impact through your arm, shoulder or hand 

(e.g., golf, hammering, tennis, etc.). 1 2 3 4 5 
19. Recreational activities in which you move your 

arm freely (e.g., playing frisbee, badminton, etc.). : v 3 4 5 
20. Manage transportation needs 

(getting from one place to another). 1 2 3 4 5 


21. Sexual activities. 1 2 3 4 5 
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NOTATAILL SUGHTLY MODERATELY ees EXTREMELY 
22. During the past week, to what extent has your arm, 
shoulder or hand problem interfered with your 
normal social activities with family, friends, 
neighbours or groups? (circle number) 1 2 3 4 5 
NOT UMITED SUGHTLY MODERATELY VERY UNABLE 
AT ALL UMITED UMITED UMITED 
23. During the past week, were you limited in your work 
or other regular daily activities as a result of your arm, 
shoulder or hand problem? (circle number) 1 ) 3 4 5 
Please rate the severity of the following symptoms in the 
last week. (circle number) 
NONE MILD MODERATE SEVERE EXTREME 
24. Arm, shoulder or hand pain. 1 2 3 4 5 
25. Arm, shoulder or hand pain when you 
performed any specific activity. 1 2 3 4 5 
26. Tingling (pins and needles) in your arm, shoulder or 1 2 3 4 5 
hand. 
27. Weakness in your arm, shoulder or hand. 1 2 3 4 5 
28. Stiffness in your arm, shoulder or hand. 1 2 3 { 5 
SO MUCH 
NO MILD MODERATE SEVERE DIFFICULTY 
DIFFICULTY DIFFICULTY DIFFICULTY DIFFICULTY THAT I 
CAN’T SLEEP 
29. During the past week, how much difficulty have 
you had sleeping because of the pain in your arm, 1 7 3 4 5 
shoulder or hand? (circle number) 
STRONGLY NEITHER AGREE STRONGLY 
DISAGREE pene NOR DISAGREE aoe AGREE 
30. Ifeel less capable, less confident or less useful 
because of my arm, shoulder or hand problem. 
(circle number) 1 2 3 4 5 





DASH DISABILITY/SYMPTOM SCORE = [(sum of n responses) - 1] x 25, where n is equal to the number of completed 


n 
responses. 


A DASH score may not be calculated if there are greater than three missing items. 
Adapted from: Hudak PL, Amadio PC, Bombardier C. Development of an upper extremity outcome measure: the DASH 


(Disabilities of the Arm, Shoulder and Hand) [corrected]. The Upper Extremity Collaborative Group (UECG). Am J Ind 
Med 1996;29(6):602-608. Erratum in: Am J Ind Med 1996;30(3):372. 
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Appendix 3: Foot Functional Index 


Section 1: To be completed by patient Name: Date: 





Occupation: Number of days of foot pain: (this episode) 








Section 2: To be completed by patient 


This questionnaire has been designed to give your therapist information as to how your foot pain has affected your ability 
to manage in every day life. For the following questions, we would like you to score each question on a scale from 0 (no 
pain) to 10 (worst pain imaginable) that best describes your foot over the past WEEK. Please read each question and 
place a number from 0-10 in the corresponding box. 


No Pain 0 1 2 3 4 5 6 7 8 9 10 Worst Pain Imaginable 
I In the morning upon taking your first step? a 
ES 
Ea 
= fev swerrenattcentormeay 
a) 


How severe is your pain at its worst? 


Answer all of the following questions related to your pain and activities over the past WEEK, how much difficulty did 
you have? Disability Scale 


No Difficulty 0 1 10 So Difficult unable to do 


2 3 4 5 6 7 8 9 
[6 Wienvakingmtonowe? 
C0 
[e_[ien wating hurvba?@ Sd 


When standing tip toe? 


When descending stairs? a 
When getting up from a chair? a , 


When climbing curbs? 
When running or fast walking? 


Answer all the following questions related to your pain and activities over the past WEEK. How much of the 
time did you: Disability Scale: 
None of the time 0 1 10 Allof the time 


2 3 4 5 6 7 8 9 
15. Use an assistive device (cane, walker, crutches, 
etc) indoors? 
16. Use an assistive device (cane, walker, crutches, 
etc) outdoors? 


Limit physical activities? 
Section 3: To be completed by physical therapist/pro vider SCORE: /170 x 100 = % (SEM 5, MDC7) 
SCORE: Initial Subsequent Subsequent Discharge 


Number of treatment sessions: 


Diagnosis/ICD-9 Code : 





Adapted from: Budiman-Mak E, Conrad KJ, Roach K. The foot function index: A measure of foot pain and disability. J 
Clin Epidemiol 1991; 4(6): 561-570. 
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21.1 ULTRASOUND IMAGE 
PROCESSING AND ANALYSIS 


T he recent developments in biomedical imaging, 
together with the contributions of computer and 
electronic engineering and other branches such 
as medical physics, mathematics or chemistry, 
have promoted the revolutionary growth of 
diagnostic imaging. ' 
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As a result, rapid advances in technology 
engineering have enabled production of multidi- 
mensional high-resolution images of complex 
organs. Structural and functional information 
can be obtained for computer-assisted diagnos- 
tics and the evaluation of both treatments and 
interventions.” 

T he medical image is classified broadly within 
radiological sciences, mainly because most have 
an application in radiological diagnostics. In the 
clinical setting, the biomedical image of a spe- 
cific organ or body part is obtained for the 
purpose of clinical examination which aids in the 
diagnosis of illness or pathology.'” > 

However, medical imaging tests can also be 
performed with the purpose of obtaining images 
and information on anatomical and functional 
structures for research purposes, both for healthy 
individuals as well as those with pathology.° 
These types of studies are essential in order to 
deepen our understanding of the physiological 
processes occurring within the body which, in 
turn, may help with the detection of pathology, 
the use of preventive measures and the genera- 
tion of new knowledge as a basis for further 
development.’ 

From a scientific point of view, the biomedical 
imaging field is both multidisciplinary and inter- 
disciplinary, and has a substantial presence in the 
fields of physics, biology, engineering and health 
science.* 

T he development ofa specific imaging system 
begins with a physiological understanding of the 
biological environment and its relation to the 
information under study obtained from an image. | 

Once this relation is determined, research 1s 
undertaken to seek the appropriate method for 
obtaining the sought-after information using a 
specific procedure for energy transformation, 
commonly known as imaging physics.’ Likewise, 
when an imaging method is established, the 
appropriate tool is designed and integrated, with 
an energy source, detectors and data acquisition 
and into an imaging system, in order to gather 
specific information regarding patients, all in the 
context of pathological research. 


KEY POINTS 


Image processing and analysis, when applied to 
ultrasound, converts ultrasound into an excellent 
tool for research in biomedical science. 


In the context of ultrasound imaging, the last 
decades have seen a great development and evo- 
lution of the related equipment, offering images 
of high resolution and precision.'°'' However, 
the performance of image analysis and other 
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types of procedures on ultrasound is not as fre- 
quent and has not been developed as much as 
other techniques. T his may be due to the inher- 
ent characteristics of the technique and the 
dependence on the sonographer and his or her 
skills. What clearly is a virtue and advantage 
from a clinical point of view, such as the dyna- 
mism and versatility of the imaging, turns into a 
serious inconvenience that cannot be overlooked 
when ultrasound 1s intended to be used in a more 
scientific context.’ 

In our research group ECOFISTEM (@ 
ecofistem), ultrasound has been used as a tool 
for research in the field of physiotherapy for 
over 10 years. Progressively different techniques 
and analysis methods have also been introduced 
which go beyond the simple morphometric 
measurements created by the equipment.'*” 

In this chapter, we will outline the basic con- 
cepts that must be acknowledged when perform- 
ing image analysis in general, as well as the 
specific details inherent to working with images 
obtained by ultrasound. 


21.2 THE ULTRASONOGRAPHIC 
IMAGE 


If a good ultrasonographic image is available 
which is well collected with the appropriate 
methodology, precision and efficiency, and if this 
is adequately stored, it opens a world of possibili- 
ties that will enable the professional to gather 
information that goes beyond clinical and ana- 
tomical reasoning, converting these techniques 
into excellent tools for the development of 
research in phyisiotherapy.””’ 


KEY POINTS 


In order to capture an image with a method and 
of good quality, it’s essential to be able to work 
with it afterwards. 


21.2.1 Image capture 


In the first place, when working with biomedical 
images, it is important to know the physical 
mechanism whereby a type of energy is trans- 
formed into the final image that one is going to 
work with. For example, in the case of radiologi- 
cal images (simple radiography, tomography), an 
electromagnetic wave (with a wavelength within 
the spectrum of X-rays) passes through the 
tissues to reach a photographic plate or a sensi- 
tive plate which is connected to a monitor which, 
in turn, will receive the beam, which may become 
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TABLE 21.1 Acoustic impedance of the 
different tissues 





Tissue Attenuation Speed of sound 
coefficient propagation 
(dB/cm to 1 MHz) (m/s) 

Bone 2070 3.360 

Muscle 2.5 1.580 

Blood 0.20 eo 10) 

Kidney a) 1.560 

Liver 0.94 i550) 

Brain 0.85 1.540 

Fat 0.63 1.450 

Water 0.002 1.480 

Air 1220 348 


more or less dimmed according to the tissues 
passed through it. In this way, the denser tissues 
are represented by whiter tonalities, and those 
which are less dense, such as air, by tones closer 
to black. 

By contrast, with ultrasonography, the situa- 
tion is radically different: the energy which is 
transmitted to the tissues is of a sonic type, with 
frequencies much higher than the audible thresh- 
old, i.e. not of an electromagnetic’'”* type. The 
sonic beam passes through tissues which, due to 
their histological differences, will attenuate the 
mechanical wave to a higher or lesser degree. It 
is this higher or lower resistance which physicists 
have named acoustic impedance (table 21.1). 
These differences in acoustic impedance and, 
therefore, in the speed with which the echoes 
return to the transducer, will be transformed into 
an image which also has multiple tones of grey. 
In this case, the grey tones have a completely 
different significance to those found using X-rays 
(or magnetic fields, in the case of magnetic reso- 
nance). The capacity for attenuating the sonic 
wave is higher in those tissues which propagate 
it at a higher speed. T he bone has a high capacity 
for attenuation and, therefore, if the sound wave 
‘hits’ a bony structure, it will not let us ‘see’ the 
structures located posteriorly and an ‘acoustic 
shadow’ will appear. Something similar happens 
when it hits a cavity full of air. However, if the 
cavity is full of static liquid, the wave will be 
strengthened and we will easily be able to visual- 
ize the structures that lie beneath. 

In chapter 5 we have provided an indepth 
explanation on how to interpret a lighter level of 
grey (hyperechoicity) or a darker shade of grey 
(hypoechoicity or anechoicity) using ultrasound. 
Simply put, one could say that lighter shades of 
grey that are closer to white appear in areas rich 
in connective tissue and darker shades of grey 
are seen in areas with a higher water content. 


21.2.2 Hectro-acoustic- 
electrical transduction 


The transducer is an essential element in ultra- 
sound equipment. It essentially works in a similar 
way to the transducer of therapeutic ultrasound 
machines. The transducer contains a crystal 
structure through which an electric current 
passes, which makes it vibrate and generate a 
sound wave. Depending on the structure of the 
crystal and the characteristics of the electric 
current, this will vibrate with one or another 
frequency. T his phenomenon 1s called piezoelec- 
tricity, and was described by Pierre and Jacques 
Curie (1881) on quartz, after they noted that, 
when mechanical forces where used, the quartz 
polarized and, as a result, electrical charges were 
generated.*!° 


KEY POINTS 


Ultrasonographic images are the result of 
processing the echoes received by the trans- 
ducer, representing the grey-scale levels that 
show the differences of acoustic impedance in 
tissues. 


The transducer on an ultrasound machine 
uses this mechanism in a bidirectional mecha- 
nism in order to generate the ultrasound beam 
and to register the echoes proceeding from the 
tissues and transform them, once again, into an 
electric signal which will ultimately translate as 
a digital image shown on a monitor. 


21.2.3 The digital image 


T he digital image is a bidimensional representa- 
tion that uses a numerical matrix which, in ultra- 
sound, corresponds to the echoes formed which 
are, more or less, attenuated from the initial 
sonic beam after passing through different 
tissues. It is important to consider that the digital 
image is a discrete representation of information 
(non-continuous or analogic), which is formed 
by hundreds of elements called pixels (from 
picture element). Consequently, a pixel repre- 
sents the lowest basic element of a digital image, 
which is given a numerical value and is the basic 
information unit within that image, for that level 
of resolution and quantification.” ~° 


KEY POINTS 


The pixel is the basic unit of digital images and 
it is associated with a determined level of 
brightness. 
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FIGURE 21.1 
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TRANSDUCER 





16Z 165 167 164 162 164 167 73 7 13 167 189 187 164 17 
134 126 117 i” 108 109 111 17 119 115 111 108 107 108 14 
132 120 91 96 10 
144 151 180 178 17 
161 183 108 114 12 
128 115 & 98 1¢ 
126 133 171 167 16 
182 179 118 128 13 
125 114 93 102 11 
117 126 160 156 1s 
194 196 135 145 14 
122 1 102 108 1 
117 125 150 147 14 
198 202 142 183 1§ 
120 114 105 109 11 
118 126 140 138 14 
190 192 134 144 14 
120 116 105 108 11 
123 130 1 1 : 134 135 13 
= 369,427 element pictures with . a a 
121 120 D 107 106 1¢ 
7 = values between 0 and 255 — = = 
1§3 149 b yy S 6 3 39 103 109 11 
123 126 127 124 122 110 97 91 8&8 os 102 106 104 104 1d 
129 133 138 135 129 124 121 121 124 126 126 134 141 141 13 
123 125 12 121 117 115 117 114 109 105 gg 9s 94 97 1d 
124 130 134 134 132 121 108 101 97 102 107 107 102 104 1d 
130 131 133 130 126 123 123 124 127 129 131 141 148 146 14 
104 109 114 119 122 125 129 127 120 113 103 94 90 93 9s 
118 124 131 134 13% 131 123 114 106 107 110 109 107 101 97 

135 134 132 131 132 131 132 134 139 145 181 155 183 14 
D 107 117 126 133 140 145 145 138 126 113 103 98 100 1d 
Vee 114 121 130 1% 135 128 117 107 104 104 104 103 9s és 
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Acquisition and construction of a digital ultrasound image. (A) The initial sonic beam passes 


through the tissues with different attenuation coefficients and acoustic impedance, causing a more or less marked 
delay in the resulting echoes (B). (C) corresponds to a transverse image of the Achilles tendon approximately 
2 cm from its insertion point. The digital image is composed ofa matrix of almost 370,000 pixels, each and every 
one of them with a grey level or tone of between 0 (black) and 255 (white). (D) Grey values from a small portion 
of the image represented in (C). Captured with LOGIQ-e equipment by General Electric® with transducer 12L-RS 


(7-13 MHz). (Colour version of figure is available online). 


Each one of these elements is represented 
by a brightness intensity (or grey-level intensi- 
ties), which allows us to interpret the structures 
being explored, together with the correspond- 
ing clinical and anatomical knowledge (figure 
21.1). Within the field of ultrasound explora- 
tion, it is usually said that the first thing that we 
must ask ourselves is where and how the trans- 
ducer was positioned, as a basis upon which 
later to reason anatomically and provide clinical 
conclusions. 

T he advantage of working with digital images 
is that the information provided from each one 
of the elements is the same. It is stored numeri- 
cally and with the numbers we can perform 
mathematical operations, which allow us to 
manipulate, measure, analyse and/or modify 
these data matrixes. This ensemble of proce- 
dures falls within the field of image processing 
and analysis. 


Image processing refers to the manipulation and 
analysis of information contained in the pixels; 
for example, improving, correcting, changing or 
analysing the image.’’** A simple example of 
these procedures can be illustrated with the 
analogy ofa corrective lens for a vision problem: 
the lens performs optical processing because it 
acts over an optical image. As stated previously, 
a digital image is a matrix formed by distinct ele- 
ments. When processing is performed on those 
elements, this is called digital image processing. 


KEY POINTS 


Image processing is known as the manipulation 
and analysis of the information contained in the 
digital images. 
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Digital processing operations can be grouped 
into five major categories. An indepth descrip- 
tion would go beyond the scope of this chapter, 


but may be summarized as follows’ (video 21.1). 


21.3.1 Image enhancement 
techniques 


T hese are used to improve some aspect relating 
to the quality of the image. Enhancement tech- 
niques are frequently performed in an interactive 
manner, so that the operator checks how to 
improve the quality by modifying the contrast or 
brightness, decreasing the noise or highlighting 
the borders.” In this type of technique, the image 
enhancement is subjective and depends on the 
judgement and experience of the operator, as 
there are no quantitative measures of image 
quality. Typically, the rate between contrast and 
artefacts can be measured through the receiver 
operating characteristic (ROC) curves generated 
to observe whether the changes seen in the image 
correspond to an improvement in the diagnosis. 

Image enhancement can also be performed in 
the pre-processing phase, as part of an automatic 
analysis procedure. In this case, it is common to 
simplify the image considerably, producing a 
result which may be of little use to the human 
observer, but which may be useful and necessary 
for future analysis. 


21.3.2 Image restoration 


Image restoration is necessary when the method 
of acquiring the image produces geometric dis- 
tortion or blurry images.’** Geometric distortion 
refers to when centred objects appear non- 
centred, compressed or bulging outwards. It is 
common in magnetic resonance images to find 
distorted borders not discerned by the human 
eye, but important when seeking to combine 
them with computerized tomography images. 

In the case of ultrasound if, during image 
acquisition, a low-quality image or any type of 
distortion is detected, it can be easily resolved 
simply by repeating the exploration. 


21.3.3 Image analysis 


The final result of image analysis operations is 
not usually an image, but rather numerical meas- 
urements obtained from the image data.**~° 
Some examples of analysis procedures include 
obtaining lengths, areas, perimeters, object clas- 
sification or image segmentation. 

T his is one of the main applications of ultra- 
sound. From these images it 1s possible to trace 
outlines, lines or regions of interest which will 


enable the measurement of lengths, perimeters 
and areas and echogenic parameters, as will be 
seen further on. 


21.3.4 Image compression 


Image files are generally large depending on the 
number of bytes they occupy. The size is not 
only important for the number of hard disk 
resources required, but also because of the time 
needed to transfer files from one device to 
another and the amount of RAM memory needed 
to work with ease. Numerous algorithms are 
available to compress images, and these can be 
simplified into lossy and lossless compression 
algorithms. The lossless algorithms are the only 
ones to be used in the context of biomedical 
image processing.’ If lossy compressors are 
used, the loss of information which has been 
eliminated would be unrecoverable (figure 21.2). 
In general terms, the image is stored in bitmap 
(BMP) or tagged image file format (TIFF) 
format, which allows for storage without loss. 
joint photograph experts group (JPG) or graph- 
ics interchange format (GIF) formats are avoided. 
If possible, save images in digital imaging and 
communication in medicine (DICOM) format, 
which stores both the data related to the patient 
and those of the image in the same file, even 
while storing a sequence (frames) of images. 


ajo eee CPOs ps 
2 RGB; 16 kb 





128 x 128 px 
RGB; 64 kb 


256 x 256 px 
RGB; 256 kb 


512 x 512 px 
RGB; 1 Mb 


FIGURE 21.2 =» Representation of the same image with 
different sizes. Display of a transverse ultrasound 
image of the Achilles tendon, each sequence repre- 
senting a fourth part of the preceding one. Note that 
by reducing the size of the matrix, the number of bits 
needed to store the image is also reduced. In order to 
work with digital images they must be stored with the 
highest size allowed by the original device, although 
this entails using a large amount of space on the hard 
disk. A false colour is applied to improve the contrast. 
Captured with LOGIQ-e equipment by General Elec- 
tric® with transducer 12L-RS (7-13 MHz). Processed 
using ImageJ 1.46 with pseudocolour palettes. (Colour 
version of figure is available online). 


478 PART XI 


21.3.5 Image synthesis 


T his is an area that may be less useful (and more 
appropriate for specialists), because it groups 
together the activities relating to image registra- 
tion from different sources (for example, from 
a resonance and positron emission tomogra- 
phy), multidimensional visualization and three- 
dimensional reconstruction.”! 

When working with digital images there are 
several concepts that must be clear, and which 
are frequently confused, with regard to size, scale 
and resolution; this is especially important when 
trying to extract quantitative information. 


KEY POINTS 


It is necessary to differentiate between the terms 
of size, scale and resolution: these are concepts 
that are all interrelated but with varying 
meanings. 


21.3.6 Size 


The size refers to the dimensions of the image 
matrix (figure 21.2). The digital image has been 
described as a numerical matrix in which each 
pixel is represented by a numerical value. For 
image analysis software, each pixel is perfectly 
defined in a Cartesian system by specific coordi- 
nates defined by the row and column where it is 
located.” ° 

It is simple to calculate the size of an image: 
normally all that is needed is to move the mouse 
over the image and the computer system will 
supply information about the dimensions of the 
matrix. Frequently, size is expressed by the 
number of pixels in rows and columns when it is 
less than 512 x 512 px. For larger sizes the result 
is given directly in total pixels (normally these 
will be seen in ‘megas’, megapixels or Mpx; for 
example, 10° pixels). 

Regarding the size of the image, it is impor- 
tant to maintain the image proportions (aspect 
ratio) in order to avoid apparent image distor- 
tion. This is an effect that the reader will have 
probably experimented with at some point: when 
manipulating a digital image and increasing the 
height without modifying the width (or vice 
versa), the image becomes stretched out. 


21.3.7 Scale 


Scale refers to the relative size of the elements 
present in the image in relation to their normal 
size. There is no way of knowing the real size of 
the elements without a reference in the image. 


OUTCOMES: EVIDENCE-BASED PHYSIOTHERAPY 


This is the reason why in microscopy images 
there is a precept that there always be a metric 
reference bar.”°’ In the case of ultrasound 
images, one must consider that, by changing the 
equipment parameters, such as the exploration 
depth, the scale will be modified. Many machines 
have a gradient on one of the sides of the images 
which allows for calibration of the image analysis 
software’'’*? when one wishes to make metric 
measurements (figure 21.3). However, it is advis- 
able that, whenever an image sequence is to be 
used for a study in which morphometric varia- 
bles are used, the same image acquisition param- 
eters should be respected by all.” 


KEY POINTS 


A scale of reference is necessary when perform- 
ing metric measurements on an image. 


21.3.8 Resolution 


Resolution is the size of the smallest structure 
that can be independently represented in the 
image. Resolution is a measure of the capacity to 
represent the original image faithfully. T he reso- 
lution depends on the characteristics of the 
image acquisition system (commonly called res- 
olution) and of the number of pixels and bright- 
ness used for the digitalization.””*”* 

In practice, there are other factors that affect 
resolution, but the most important ones are con- 
trast and noise. Different situations may arise, 
such as having low-contrast images, which cause 
detail to be lost, or excessive contrast, which 
generally causes image elements to become 
superimposed. Noise refers to elements that 
appear in the image but that do not belong to 
the scene that is being represented. In the case 
of ultrasound, images are obtained with electro- 
magnetic noise if the acquisition is taken close 
to other electronic equipment, such as plugs or 
outlets.°!* 

The digitalization process consists of the 
transformation of the continual information 
contained in a real image, of an almost infinite 
number of light nuances and continuous graphic 
details, to discrete information which represents 
an image divided into a limited number of pixels, 
each one with a discrete level of brightness 
within a finite range of light intensity. 

T hus, digitalization 1s made up of two differ- 
ent processes: 

1. spatial digitalization, in which the continu- 
ous space is translated to a series of finite 
elements in the shape ofa matrix of bright- 
ness points, pixels 
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FIGURE 21.3 = Scaling of the ultrasound image. Transverse ultrasound image ofthe patellar tendon at 5 mm from 
its insertion on the patella. Note that the machine itself displays the information regarding the depth of the work 
and offers a scale which is highlighted in yellow. The tendon outline is highlighted in purple. (A) The depth of 
work at 3.9 cm provides a scale of 0.989 px/mm. (B) The depth of work at 2.4 cm provides a scale of 1.546 px/ 
mm. Captured with Sonosite Titan with L38 transducer. Image processing and calibration using ImageJ 1.46. 


(Colour version of figure is available online). 


2. digitalization of the grey scale, the term by 
which the brightness represented by each 
pixel is known and the reflection of one or 
other energy, depending on what the 
image is representing (e.g. light, X-rays, 
magnetic fields, temperature, echoes). 


KEY POINTS 


The image resolution and the quality of detail 
will depend on the quality of the ultrasound 
machine. 


These two features are related to two key 
questions: Can two small objects be discerned 
within the image? Can objects with a similar 
tone or colour be distinguished? 

Spatial resolution is simply defined as the 
number of pixels by length unit. It is usually 
presented as pixels per inch or pixels per centi- 
metre (figure 21.3). A standard does not exist and 
spatial resolution is limited by the characteristics 
of the image capture system used.***” 

There is an optimum value above which the 
human eye cannot perceive the square pixel in 
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651 x 445 px (23 x 16 cm) 17.7 kb 
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40 x 22 px 0.75 x 1 cm) 0.7 kb 





FIGURE 21.4 = Effects of spatial resolution and resolution of the grey level. In the sequence above, note the loss 
of detail when spatial resolution is reduced below what the human eye perceives to be in continuity. In the 
sequences below, the number of possible grey levels that a pixel can adopt are shown according to the bits of 
the image (bottom left) and the effect of reducing the quantification of the grey scale (bottom right). 

In the image taken at 8 bits (256 possible levels of grey), the contours are easily perceived and the objects are 
observed with sharpness.In the image taken at 8 bits (256 possible grey levels), the contours are well defined 
and the objects are clear. At 4 bits (16 levels of grey), a false contour can be found on the figures. At 2 bits (four 
levels of grey) the loss in detail is evident and at 1 bit (binary images) the loss in detail is complete, although at 
times this is precisely the intention. (Colour version of figure is available online). 


the image. This limit is found at around 75 px/ 
cm (approximately 190 pixels per inch). Inferior 
resolutions produce distortion due to evidence 
of the pixel, as the element of the image is 
increasingly less visible as the size of the pixel 
increases (figure 21.4). 

With low resolutions a blurring of borders 
occurs. For image analysis, the higher the reso- 
lution the better, albeit with the inconvenience 
that it comes with a higher memory storage 
space and RAM memory in order to manage the 
information. 

T he resolution of the grey scale 1s determined 
by the number of different values that can be 
adopted by the pixels that form the matrix and 
this, in turn, is defined by the device that gathers 
the intensity of the signal (the transducer on the 
ultrasound machine, or the CCD plate of a 
digital camera, for example). 


It is very common to assign a value of 256 
possible grey values, with each value differenti- 
ated by a different scale of grey. Typically, the 
zero value corresponds to absolute black and 
the 225 value to absolute white.*°°’~” In this 
case this is called an 8-bit image (because 2° = 
256). With the development of more powerful 
computer equipment it is now possible to work 
with images of 32 or 64 bits (figure 21.4). 


21.4 THE BASIS OF IMAGE 
PROCESSING IN GREY SCALE 


21.4.1 Pseudo-colour tables 


In biomedical imaging, it is common practice to 
apply pseudo-colour palettes (LUT: look-up 
tables) to an image while maintaining the 
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FIGURE 21.5 = Pseudo-colour, contrast and histogram ofthe grey scale. (A) Application of false colour palettes: in 
each of these the grey levels are substituted by different colours. The result can be more or less pleasing and 
sometimes this is only used for aesthetic purposes. (B) Here, the original is shown without processing, after an 
equalization of 10%, with low and high contrast, where the loss of information 1s evident. (C) Note in the histo- 
grams how, in the equalized image, the frequency of the different grey levels is levelled. The low-contrast image 
displays an asymmetric histogram towards black and the high-contrast image shows saturation, meaning no 
concrete level stands out. Captured using a LOGIQ-e device by General Electric® with transducer 12L-RS 
(7-13 MHz). Processing and analysis using ImageJ 1.46. (Colour version of figure is available online). 


original 8-bit scale. Instead of assigning a grey 
gradient to every pixel value, a colour is 
assigned.”’°’’ Some colour scales are continu- 
ous, such as the thermal colour scale, which, like 
the grey scale, presents a gradual range of hues. 
In other scales, the colour assigned to each grey 
value changes abruptly. The LUT can help to 
add impact to an image, but it must be used with 
caution to avoid confusing the observer (figure 


21.5A) (video 21.2). 


21.4.2 Image contrast 


In an image it is possible to recognize an indi- 
vidual structure because it is differentiated from 
the background due to its brightness.***° This 
grade of visibility, which represents the differ- 
ence between clear and dark regions in the 
image, is called image contrast. If an image has 
low contrast it means that it is difficult to 


distinguish between different structures. The 
contrast can be affected by the image acquisition 
methods, as well as by the amount of elements 
present and the interaction between them (figure 
21.5B). 


21.4.3 Image histogram 


A histogram is a graphic representation of a fre- 
quency distribution. In the context of an image 
in grey scale, the histogram is a way of represent- 
ing the frequency distribution of the grey scale 
present in the image (figure 21.5C). Therefore, 
it shows how many pixels are present within a 
determined grey value. The information can be 
graphically displayed or listed as a numerical 
table.*° °° In the graphic representation, the hor- 
izontal axis is used to indicate the values of the 
grey scale, which can be shown individually or 
by intervals, and the vertical axis represents the 
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FIGURE 21.6 =» Echotexture analysis. Textural analysis using concurrence matrixes of the grey level is built by 
evaluating the grey levels of one pixel and that of its neighbours, so that information can be gathered regarding 
roughness, homogeneity and order, while the information obtained from the histogram is built from the individual 
information from each pixel. CON, contrast; IDM, inverse different moment (homogeneity); ASM, angular second 
moment (energy); ENT, entropy; COR, textural correlation. Captured using a LOGIQ-e device by General Electric® 
with transducer 12L-RS (7-13 MHz). Processing and analysis using ImageJ 1.46. (Colour version of figure is avai- 


lable online). 


number of pixels for each level. Once a histo- 
gram for the underlying data has been obtained, 
it can be used to improve the image. The histo- 
gram can be global if it 1s calculated for the 
image as a whole, but it can also be obtained 


f locally for a region of interest (ROI) (video 21.2). 


KEY POINTS 


The histogram of an image shows us the fre- 
quency distribution of the different grey levels 
represented in the pixels. They can be manipu- 
lated to improve or modify the image with an 
objective in mind. 





The image contrast characteristics can be 
adjusted by modifying the grey values, so as to 
create a particular effect on the histogram.*'”” 
The goal of histogram equalization is, for 
example, to spread out the grey intensity values 


over the whole range of values, so that there are 
approximately the same number of pixels within 
each level (figure 21.5C). 


21.4.4 Pixel statistics 


Within this wide range of techniques we can find 
those that help quantify or perform operations 
with the numerical levels of the image’s pixels.**”* 
Many of the variables thus obtained have the 
same meaning as in classical statistics, because 
they are being obtained from a matrix of numeri- 
cal data (the grey levels of every single pixel that 
forms the image). Therefore, one can discuss 
middle levels, standard deviations, asymmetry 
coefficients and kurtosis, maximums and mini- 
mums>|~* (video 21.2). 

In the context of musculoskeletal ultrasound 
imaging, not many studies have explored this 
potential. Our group has proposed the use of the 
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term quantitative analysis of echogenicity’ ”’ for 
this type of work, which hereafter has been 
expanded”? with the inclusion of textural analysis 
techniques using concurrence matrixes of the 
grey level**”’ and the introduction of the concept 
of quantitative echotexture.*** By means of 
these texture analyses, the potential of the statis- 
tics calculated on the individual pixels is improved 
because variables such as entropy, energy, homo- 
geneity or textural contrast are obtained from 
the relationships between neighbouring pixels 
(figure 21.6). Arecent study successfully managed 
to classify a battery of transverse images of the 
Achilles tendon according to the age of the indi- 
viduals, with rates close to 100%, which would 
indicate that these algorithms are able to capture 
information of extraordinary value.* *° 


KEY POINTS 


Analyses of echotexture and quantification of 
echogeneicity with advanced image-processing 
techniques are promising advances within the 
research of musculoskeletal ultrasound. 


If a line is drawn over a region of interest, a 
profile graph is obtained with the grey levels that 
the line passes through and this can be used to 
calculate the cited statistics.°*’’ On other occa- 
sions, the focus is on selecting or outlining a 
determined region of interest from which we can 
then perform these calculations (figure 21.7). 


21.4.5 Image segmentation 


Image segmentation consists of partitioning the 
image into regions or segments that become 
meaningful when associated with a particular 
application.*”** For example, it may be interest- 
ing to separate an injury from the rest of the 
image in order to carry out related measure- 
ments. This is one of the most complex tasks as 
there is no perfect algorithm for this and thus 
the result will be more or less successful depend- 
ing on the characteristics of the image (figure 


21.8) (video 21.3). 


In order to perform these tasks, there are 
three segmentation methods available: manual, 
automatic and semiautomatic.** In manual seg- 
mentation, the operator decides which region 
is selected and which ones are excluded, and 
this can happen at the same time as image 
acquisition occurs. In contrast, in automatic and 
semiautomatic methods, a large amount of data 
needs to be previously collected (images) in 
order to test the method and perform the neces- 
sary adjustments. It is common for manual 
methods to be used in pilot studies. 


However, the manual methods have serious 
inconveniences: they take up a lot of time, they 
are subject to human error and they are subjec- 
tive, meaning that they have poor intraobserver 
reproducibility. 

In semiautomatic methods, the observer 
begins the segmentation and afterwards only 
performs minor corrections. 

The segmentation of ultrasound images is 
even more problematic (if possible), due to the 
characteristics inherent to the technique: there 
is a lack of defined borders and contours between 
structures, such as that which occurs in tomog- 
raphy or radiography. 

The attempts so far regarding automatic seg- 
mentation in musculoskeletal ecography have 
produced moderate results””° and are not com- 
pletely satisfactory, therefore the analysis greatly 
depends on the skill and practice of the image 
operator (figure 21.9). 


KEY POINTS 


The application and creation of automatic algo- 
rithms for the detection and segmentation of 
ultrasound images are complicated endeavours. 


21.4.6 To begin working: ImageJ 


T here is a great variety of commercial ‘software’ 
for image processing and analysis and undoubt- 
edly many of these programs have very good 
performance. Most of these are integrated into 
biomedical equipment.”**”! 

Nevertheless, here we present free software 
which, beneath its simple surface, hides almost 
infinite potential and considerable advantages: 
ImageJ is an image-processing and analysis 
program in the public domain, written in Java 
and inspired by NIH Image (National Institutes 
of Health, USA) for Macintosh, which is now 
also available for Windows, Mac OS X and 
Linux” (video 21.2). 

ImageJ was developed by Wayne Rasband, a 
special volunteer of the National Institute of 
Mental Health, Bethesda, Maryland, USA.°*”° 

This program can display, edit, analyse and 
process images, as well as enable users to save 
and print images of 8, 16 and 32 bits. ImageJ 
reads a multitude of image formats, such as 
TIFF, GIF, JPEG, BMP and DICOM, among 
others, and dynamic image sequences (stacks) are 
supported; these are a series of images that share 
the same window. 

Areas and pixel statistics can be calculated 
in regions defined by the user, and measure- 
ments of distance and angles are also enabled. 
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Additionally, this program supports image cali- 
bration so as to obtain the results of the measure- 
ments in real dimensions, such as millimetres or 
centimetres. Histograms and profile graphs can 
be created as well as the performance of manipu- 
lation procedures such as contrast, highlighting, 
softening, border detection and filters, with the 
possibility of performing these operations with 
various images at once, only dependent on the 
amount of memory space available. 

One of the great advantages of this program 
is that it was designed with an architecture 
that provides extensibility through applications 
(plugins) in Java programming language, mean- 
ing that new applications can be written and 
programmed with the editor and compiler avail- 
able. Thanks to the completely open source 
code, users can develop multiple applications in 
order to resolve specific problems and these are 
available to the whole community. 

The software can be downloaded from http:// 
rsbweb.nih.gov/1j/, where different applications 
and user tutorials can be found. A very active 
wiki (http://imagejdocu.tudor.lu/) community 
exists, where it is possible to interact with users 
from all around the world. 


21.5 FIVE TOP TIPS FOR 
ULTRASOUND IMAGE ANALYSIS 
AND PROCESSING 


To conclude this introductory chapter on ultra- 
sound digital image processing, here are five 
basic recommendations for someone wishing to 
become familiar with these techniques. 

1. Image acquisition requires special care: 
ultrasound has the distinct advantage 
of allowing for as much repetition as 
necessary. 

2. Image storage must be performed without 
losing information. If necessary, image 
compression can be performed afterwards, 
but the original must be saved in its non- 
manipulated format. 

3. The enhancing contrast or subjective 
manual filtering of the image is a useful 
tool for personal clinical evaluation; 
however it is important to separate this 
practice from the context of the quanti- 
tative analysis of results, in which a 
clear protocol for all the images must 
exist. 

4. The operator must always justify the use 
of any image manipulation parameter, as 
well as ensure that the parameters can be 
applied to all the images. 


5. Reliability and reproducibility studies are 
recommended, and these should include 
each and every one of the technicians, the 
acquisition method, the image operator 
and the analysis methods. Only in this way 
is 1t possible to avoid the typical and mis- 
leading sentence the study is not valid 
because ultrasound is very variable and 
technician-dependent’. 
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CHAPTER 4 


The ultrasound f ndings did not correspond with 
the patient’s clinical symptoms. An assessment of 
other structures suspected to be possible causes 
of the symptoms was performed (rotator inter- 
val, long head of biceps and the myofascial 
trigger point [MTrP] in the infraspinatus). Pal- 
pation of the taut band on the infraspinatus 
reproduced the pattern of pain. T he physiother- 
apy diagnosis was myofascial dysfunction in the 
infraspinatus muscle with the presence of active 
trigger points. The intervention consisted of an 
invasive approach, performing percutaneous 
needle electrolysis (PNE) of the MTrP on the 
taut band (fgure 22.1). Seven days after the 
physiotherapy session, the patient returned for a 
check-up and was found to be asymptomatic. 
Four weeks posttreatment the patient was called 
in again and a complete resolution of symptoms 
was conf rmed. 


CHAPTER 8 


This clinical case report highlights the impor- 
tance of a thorough anamnesis and a correct 
diagnosis of the myofascial pain syndrome or, in 
other words, of the sum of relevant MTrPs that 
the patient is complaining of. An incomplete 
anamnesis and diagnosis render the detection of 
the presence of a decisive MTrP on the frst visit 
unlikely. One must assume that, apart from 
having had her jaw opening forced during a 
dentist appointment, the patient’ cervical spine 
was also placed in a forced position for a length 
of time, thus also activating the MTrP of the 
trapezius that was responsible for the aggrava- 
tion and perpetuation of the masseter MTrP. In 
this clinical case, the importance of the MTrPs 
as activators and perpetuators of other MTrPs is 
also stressed, in that they are able to create chains 
which one has to know in order to understand 
the clinical symptoms. 





RESOLUTION OF 


CLINICAL CASES 


CHAPTER 9 


¢ Muscles to be treated: the adductor 
pollicis, pronator teres, flexor digitorum 
superf cialis/profundus. 
¢ The treatment order would be as follows: 
frst pronator teres or flexor digitorum 
superf cialis/profundus (interchangeably, 
any of the two could be treated in the frst 
place), followed by, in the second place, the 
adductor pollicis. 
T he rationale behind this choice, as explained in 
chapter 9, is that the patterns of both referred 
pain and spasm or referred inhibition have a 
peripheral-type dominance in most muscles. 
Therefore, treatment from proximal to distal 
could potentially facilitate a greater relaxation of 
the distal muscles when we move on to treat 
these. However, in the case of the adductor pol- 
licis, this is the only muscle that 1s recommended 
to be treated in the frst place, as occasionally its 
treatment generates a large opening not only of 
the thumb but of all the hand, together with 
relaxation of the entire upper limb. 


CHAPTER 13 


Intervention 


EPI® was applied in an isolated fashion in each 
weekly session, together with ahome programme 
of eccentric exercise. EPI® was performed with 
ultrasound guidance over the clinically relevant 
area of the insertion zone of the supraspinatus 
and over the area of fluid collection and hyper- 
vascularization. This was compatible with the 
diagnosis of tenosynovitis of the long head of 
biceps at the bicipital groove. An intensity of 
2-4 mA was used for 3—10 seconds in different 
approaches, with the purpose of evaporating the 
fluid collection in real time and stimulating the 
repair of the tendinous insertion zone. These 
procedures were performed using electrotherapy 
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FIGURE 22.1 = Identification ofthe infraspinatus muscle 
for treatment with EPI®. 





FIGURE 22.2 = Ultrasound image: longitudinal section 
with evolution of the liquid collection of the long head 
of biceps tendon in the short and mid term. 


equipment (Cesmar Electromedicina SL, Barce- 
lona, Spain), which produces continuous gal- 
vanic current through the cathode (modif ed 
electrosurgical scalpel with the needle) while the 
patient holds the anode (hand-held electrode). 


Results 


After three EPI® sessions, the patient was dis- 
charged. A signif cant clinical improvement in 
function was noted: orthopaedic tests were nega- 
tive and the total disappearance of fluid collec- 
tion in the area was observed. The follow-up 6 
weeks postdischarge did not reveal any relapses 
(f gure 22.2). 

EPI® has been demonstrated to reach the 
affected tissue and provoke a local inflammatory 
process, allowing for the phagocytosis and repair 
of the degenerated tissue, with functional 
changes in the short term, hence the fact that it 


can be used as an effective therapy to resolve this 
clinical situation. 

In tendons that have a sheath, such as the long 
head of biceps or the tibialis posterior tendons, 
tenosynovitis processes are frequently diff cult to 
resolve. In these cases, the effect of the evapora- 
tion in real time (which EPI® can provoke) con- 
stitutes an attractive treatment option, especially 
when considering the chronic nature of these 
processes and the effectiveness and safety of the 
technique. 


CHAPTER 14 


Intervention 


Four days after the injury the frst session of 
EPI® was applied. T his was repeated 7 days later 
(in total, two EPI® sessions were administered 
and other therapies were not associated). EPI® 
was performed with ultrasound guidance over the 
clinically relevant area in the area of poor scar- 
ring in order to stimulate correct tissue prolifera- 
tion, and over the area of haematic collection and 
oedema. This coincided with the area that was 
re-torn with an intensity of 2-4mA for 3-10 
seconds using different approaches, with the 
object of evaporating the haematoma in real time 
and stimulating the repair of the muscle area. 

In between EPI® treatment sessions, the 
patient was recommended to perform gentle 
eccentric exercises of the affected area. In this 
sense, the treatment protocol was not modif ed 
with regard to the frst damage that occurred in 
the region. 


Results 


After two EPI® sessions, the patient presented 
a highly signifcant clinical improvement of 
function and an improvement of the structure of 
the tissue assessed under ultrasound. Magnetic 
resonance imaging (MRI) was repeated 1 week 
later, and 2 weeks after performing the frst MRI. 
Forty-eight hours after the application of the 
frst EPI® session, the result of the MRI was as 
follows: 


the study was performed according to the usual 
protocol. Notable improvement of the injury 
described in the medial soleus, with only two 
small images remaining of residual appearance 
measuring approximately 15 mm with a 
considerable reduction of the peripheral oedema. 
Interfascal collections are not found. Condusion: 
significant improvement of the recurrent soleus 
rupture. 
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FIGURE 22.3 =» Magnetic resonance image: posterior 
leg region where regeneration of the soleus appears 
in the internal middle one-third portion. 


Forty-eight hours after the second EPI® appli- 
cation, the result of the MRI indicated: ‘improve- 
ment in the described lesion is observed 
compared to previous studies at the level of the 
medial and the middle third of the soleus. The 
remaining muscle is normal’ (f gure 22.3). 

From the point of view of function, the 
manual strength tests failed to reproduce the 
pain after the application of the frst EPI® 
session. 

The follow-up in the following 6 weeks after 
discharge revealed zero recurrence. 

T he initial phase of all repair processes within 
a muscle lesion is characterized by inflammation 
and the formation of a haematoma. Classically, 
physiotherapy techniques have attempted to 
control (not inhibit) the initial inflammatory 
process and stimulate the correct tissue prolif- 
eration. T he risk was associated with an irregular 
organization of the collagen tissue due to the 
persistence of the overlying haematoma. In these 
circumstances, EPI® is able to act upon the 
oedema and the haematic collection in the early 
phase, thus minimizing the risks and acting on 
the affected tissue in real time. 


CHAPTER 15 


In view of the results, initial treatment with acu- 
puncture was decided upon, using the technique 
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FIGURE22.4 = Acupuncture application over the lumbar 
region. 


of tendinomuscular meridians for irradiated pain 
in ae points (f gure 15.34): 
UB-67: ying and tonifcation of the 
affected meridian (in this case the urinary 
bladder) 

¢ UB-64V: yuan of the bladder 

¢ KD-4: luo of the kidney. 

Painful points of the irradiated area that corre- 
sponded with acupuncture points of the affected 
meridian (GB-34, UB-57, UB-56) and painful 
points under palpation of the lumbar area (a‘shi) 
were treated with the dispersion technique, even 
though these did not correspond with classical 
acupuncture points. 

The patient received two weekly sessions of 
acupuncture, with a marked improvement in the 
irradiated pain in the third session. Therefore 
treatment continued with a focus on the low- 
back pain and sacroiliac pain. 

A tonifcation treatment of KD Yang was 
applied, with the aim of energetically strength- 
ening the kidney (f gure 22.4) as this could have 
been the cause of the asthenia and lumbar sensa- 
tions, while, at the same time, local symptomatic 
treatment of the low-back pain was applied on 
the following points: 

¢ GV-4 (life gate): KD Yang tonifying 

treatment 

¢ UB-23 (back-shu point of the kidney): stim- 

ulates the yang of the kidney 

¢ UB-52: reinforces the previous point. 

Two transf xed needles were also applied in both 
sacroiliac joints in a caudal direction, stimulating 
the points found on the sacral foramina at the 
same time. 

Treatment was reinforced between sessions 
with the application of two therapy needles 
applied semipermanently in both sacroiliac 
joints. 
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CHAPTER 16 


After assessing the patient, electroacupuncture 
treatment was applied on the following points: 
¢ the tendinomuscular meridian or San Jiao 
is one of the meridians responsible for the 
symptoms in the ear and corresponds with 
a territory of distal arm irradiation: SJ], 
SJ3, SJ4, PC6 
¢ local ashi points: along the right upper 
limb, with electrodispersion parameters 
¢ local points: GB2, SJ21, S119, located ante- 
rior to the tragus at the ear 
¢ monopolar stimulation  (retroauricular 
points) in the San Jiao meridian (one retro- 
auricular distance) and in the gall bladder 
meridian (two retroauricular distances). 
The most active points are chosen and 
stimulated selectively (f gure 22.5A) 
¢ bilateral KD-3 and KD-7 (with tonif cation 
parameters), aimed at tonifying the kidney 
yin (according to traditional Chinese medi- 
cine, the kidney is believed to open into 
the ear). 
In the following physiotherapy sessions, the 
anterior treatment was combined with manual 
acupuncture in the following points: 
¢ bilateral LI-4 (due to its direct action upon 
the head and the face) 
¢ GB-20 (special action over the cervical 
spine and suboccipital insertions). 
Auriculotherapy (shenmen points, kidney, adrenal 
sympathetic) in the lateral ear on the same side. 
Hollow ginger moxa inside the ear (f gure 
22.5B). 


FIGURE 22.5 = (A) Electrical stim - 
ulation and (B) moxibustion. 
(Colour version of figure is 
available online). 


CHAPTER 17 


T he patient came to us seeking pain relief at least 
until the decision of whether or not to be oper- 
ated on was made. He was tired of taking oral 
medication for such a long time. 

The patient was informed of the treatment, 
and the fact that it would not impede him 
with regard to surgery (that is, if the neuro- 
physiologists’ reports recommended surgery) 
and that we were only going to treat the symp- 
toms so that he could live the most normal life 
possible. 

After examining the patient, the following 
protocol was established: 

¢ week 1: mesotherapy following the Ordiz 

points (f gures 15.6 and 15.7) Traumeel® + 
Spascupreel® 

¢ week 2: Traumeel® + Zeel® + Discus® 

¢ week 3: Traumeel® + Zeel® + Discus®. 
Twenty-four hours after the frst session, the 
patient confrmed an improvement in his symp- 
toms, although this was diff cult to assess as he 
had exercised quite vigorously that week, 
although he did report a decrease in the oral 
intake of non-steroidal anti-inflammatory drugs 
(NSAIDs) thanks to a decrease in perceived 
pain. 

After the following two sessions the patient 
noticed a marked decrease in pain. Although he 
wasn’t able to give up the oral NSAIDs com- 
pletely, he was able to decrease the intake to only 
occasionally. The pain reduced enough to allow 
for a return to training, although not for longer 
than 20 minutes. 


CHAPTER 18 


This patient presented with the classical picture 
of subacromial bursitis following excessive 
overuse. She underwent one injection and two 
follow-up sessions of physiotherapy when she 
was discharged with advice to come back imme- 
diately if the pain recurred. She has been 
symptom-free for over 3 years now. 

The advantage of deposition of a medium- 
acting corticosteroid via injection is that it 
rapidly addresses the issue of inflammation of 
the synovial lining of the bursa. T his is extremely 
cost-effective as it saves many sessions of physi- 
otherapy and results in reduced morbidity. 

However, it does not address the cause of the 
condition, and the literature confrms this; the 
evidence is that corticosteroid injections do 
work, but only for a short while. If the cause is 
not explained and coping mechanisms are not 
given to the patient once the anti-inflammatory 
effect has occurred, symptoms can recur. 

Corticosteroid injections therefore do not 
supplant the physiotherapist; they are merely a 
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rapid and simple way of eliminating painful 
symptoms so that proper retraining can take 
place. This allows for greater professional satis- 
faction for the clinician, extensive cost savings 
for health services and faster relief for the patient. 

Physiotherapists in the UK have been receiv- 
ing training in musculoskeletal injections since 
1995, when I presented the frst course in Bir- 
mingham, England. 

My hope is that one day all musculoskeletal 
physiotherapists will include this additional skill 
in their armoury of treatment options. 


CHAPTER 19 


The key message from this typical midportion 
Achilles tendon case is that high-volume image- 
guided injections permitted a reduction in 
symptom response to impact loading that was 
critical in allowing this patient to return to 
running gradually. 
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Aberrant hyperinnervations: a phenomenon 
that can appear in cases of regeneration fol- 
lowing paralysis, in which an erroneous direc- 
tion of the growing nerve fbres occurs (i.e. 
involving the f bres of a mistaken muscle, or a 
tactile receptor placed in an inappropriate 
location). 

Activity limitation: the diff culties that a person 
may have in performing activities. 

Acute injury: the initial immediate phase post- 
injury, where autologous repair mechanisms 
take place to control the inflammatory process 
and pain. 

Adverse event: any harmful effect, however 
small, when it is not intended and non- 
therapeutic. 

Algorithm: procedure of processing or working 
instructions that, thanks to their great preci- 
sion, can be executed independently via a 
mechanical or electronic device. 

Aliasing: produces softer curves adjusting the 
outline between the background and the 
region of pixels that is flattened. Generally, 
the intensity of the pixel or the opacity is 
adjusted in order to achieve a gentler transi- 
tion with the background. 

Allopathy: therapy that uses remedies that 
produce effects in a healthy state that are dif- 
ferent from the effects produced by the disease 
to be treated. 

Anaphylaxis: the reactions mediated by sub- 
types of the IgE and IgG antibodies. Prior 
sensitization to the allergen must exist, which 
produces specifc immunoglobulins for the 
antigen; the later exposure to the allergen gen- 
erates an anaphylactic reaction. Many cases of 
anaphylaxis occur, however, with no previous 
history of exposure to any allergens. 

Anatomical terminology: the anatomical termi- 
nology (AT ) is the international rule on human 
anatomical terminology published in 1998. In 
April 2011, the anatomical terminology was 
published online (http://www.unifr.ch/ifaa/) 
by the Federative International Programme 
for Anatomical Terminology (FIPAT ). 

Anisotropy: artifact that triggers changes in the 
echogenicity of tissues depending on the 
ultrasound beam angle. Normally, this is due 
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to the lack of perpendicularity in the explora- 
tion. This shows up as a loss of echogenicity 
and may lead to an error in interpretation as 
it could be confused with a pathological image. 
Although this phenomenon may appear in 
muscles, ligaments and nerves, it appears most 
frequently in the tendon, due to the spiral 
shape that the collagen fbres of the long 
muscle tendons acquire in the insertion areas. 
Its presence can be confused with a case of 
tendinosis. 

Antisepsis: method consisting of fghting or 
preventing infectious conditions by destroy- 
ing the microbes that cause it. 

Arcuate line: the arcuate line of the abdomen is 
a horizontal line that marks the inferior limit 
of the posterior layer of the sheath of the 
rectus abdominis muscle. 

Artefact: unexpected images that appear in the 
normal ultrasound that do not correspond 
with normal structures and which may lead to 
confusion. 

Asepsis: the ensemble of scientifc procedures 
designed to protect the body from infectious 
germs. Applied mainly to sterilization of sur- 
gical material. 

Aspect ratio: the relation between the vertical 
and horizontal dimensions of an image. 

Axial resolution: the possibility of the ultra- 
sound device visualizing two different struc- 
tures located one above the other (y-axis) and 
in a direction that is parallel to the ultrasound 
beam. When the frequency is increased, the 
axial resolution increases but the depth of pen- 
etration of the ultrasound beam decreases. At 
low frequencies, the ultrasound beam pene- 
trates more, while axial resolution decreases. 


Basic research: the scientifc research that is 
performed without an immediate practical 
purpose, with the aim of increasing the knowl- 
edge of the fundamental principles of nature 
or reality itself. The relationship between 
basic and applied science (which is the oppo- 
site concept) is crucial for the interrelation 
known as research and development or 
research, development and innovation (R + D 
or R+D +i). 
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Biological accident: an exposure that can lead to 
an infection by the human immunodef ciency 
virus (HIV), the hepatitis B virus (H BV) or the 
hepatitis C virus (HCV) via a percutaneous 
wound (needle or cut with a sharp object) or 
via contact with a mucous membrane or 
broken skin with blood, tissue or any other 
body fluid that is potentially infected. 

Burst: stimulation using pulses or bursts. 

Byte: packet of binary data formed by 8 bits. A 
byte can represent values of 0-255 and, there- 
fore, may represent 256 symbols, numbers or 
colours. 


Calibration: the comparison between an instru- 
ment with the standard. The standard is con- 
sidered as a reference and the most accurate 
measure. 

Carotid sheath: fascial conduit at the neck that 
contains the common carotid artery followed 
by the internal carotid, the internal jugular 
vein and the vagus nerve. 

Clinical reasoning: the process of reflecting 
and making decisions regarding the patient’ 
treatment and assessment, performed by 
the professional within a clinical context, 
based on relevant available knowledge (infor- 
mation, procedures, concepts) and clinical 
skills. This process is based on three main ele- 
ments: one’sS own knowledge, the associated 
thought processes (cognition) and reflection 
(thinking) upon the thought process itself 
(metacognition). 

Colour: one of the most diff cult terms to def ne, 
digitally code and reproduce. T he main reason 
is because colour is a perceptive phenomenon 
and cannot be described in a totally objective 
manner. 

Colour channel: where information is stored for 
each of the primary components of the colour 
in acolour model. For example, the red, green, 
blue (RGB) colour model has three separate 
channels for red, green and blue. 

Comet tail: an artifact that appears when the 
ultrasound beam hits a narrow and highly 
echogenic interphase which causes a series of 
linear echoes behind it. T his is very character- 
istic in the presence of highly echogenic 
foreign bodies, as well as small air bubbles 
found within a solid medium. This artifact 
is very useful for revealing osteosynthesis 
material. 

Competencies: the professional responses that 
individuals provide according to the require- 
ments of their work duties. These involve a 
basis of knowledge, abilities (knowing what to 
do), attitudes and behaviour (knowing how to 
behave) that are all interrelated. 


Compression: a data codif cation process per- 
formed so that the amount of information is 
reduced in order to obtain smaller f les. Com- 
pression techniques can be classif ed into tech- 
niques with loss (not to be recommended in 
image analysis) and without loss. 

Contrast: the difference in luminance between 
the regions of interest of an image. 

Cronbach’s alpha: a reliability coeff cient that 
provides an estimate of internal consistency 
among items. 

Cun/tsun: aterm that describes a measurement 
unit or relative distance, equivalent to 1 inch. 

Cutaneous trigger point: painful site found on 
the skin tissue which evokes referred pain in 
response to the application of pressure or 
another mechanical stimulus. According to 
studies by Sinclair (1949), referred pain pro- 
duced from cutaneous trigger points is of 
a throbbing type with moderately severe 
intensity. Some of the areas in which the 
referred pain is produced are found within 
the same metameric distribution as the origi- 
nal site; however others do not present any 
segmentary relation to it. In these areas a 
modulation of the sensation is found (sensitiv- 
ity to the referred pressure or to the referred 
dysaesthesia). 

Cytokines: proteins that regulate the function 
of the cells that produce them or other cell 
types. These are the agents responsible for 
intercellular communication, that induce acti- 
vation of specifc membrane receptors and 
functions such as proliferation and cellular dif- 
ferentiation, chemotaxis, growth and modula- 
tion of the immunoglobulin secretion. T hese 
are mainly produced by lymphocytes and acti- 
vated macrophages, although they may also be 
produced by polymorphonuclear lymphocytes, 
endothelial and epithelial cells and adipocytes 
of connective tissue. Depending on which 
cell produces them, these are called lym- 
phokines (lymphocytes), monokines (mono- 
cytes, precursors of macrophages), adipokines 
(adipose cells or adipocytes) or interleukins 
(haematopoietic cells). Their main action 
is regulation of inflammation mechanisms. 
There are both proinflammatory and anti- 
inflammatory cytokines. 


DASH (Disabilities of the Arm, Shoulder and 
Hand): this is a specif c measurement tool for 
assessing the quality of life related to disorders 
of the upper limb. This self-administered 
questionnaire assesses the upper limb as a 
functional unit and enables quantif cation and 
comparison of the repercussion of the various 
processes that affect different regions of the 


limb. It was developed following an initiative 
by the American Academy of Orthopaedic 
Surgeons and has been translated into dif- 
ferent languages with various transcultural 
adaptations. 

Deep fascia: a layer of dense f brous connective 
tissue that generates compartments, forms 
intermuscular septa and surrounds the muscles, 
bones, nerves and blood vessels. 

Dermis: internal layer of the two main skin 
layers. The dermis is formed of connective 
tissue, blood vessels, sebaceous and sweat 
glands, nerves, hair follicles and other struc- 
tures. It is made of a thin outer layer called the 
papillary dermis and an inner thick layer called 
the reticular dermis. Its upper border is the 
epidermis while the lower border is known as 
the hypodermis. This is the application site 
used in mesotherapy. 

Dermometer: a device similar to that used for 
measuring skin conductivity or resistance, 
used to explore the skin surface seeking points 
with great conductance (of low skin resist- 
ance). Apparently, these are commonly found 
above myofascial trigger points. Some der- 
mometers are enabled for electrotherapy, 
commonly continuous currents (8-10 Hz). 

Drug vector: a type of drug used in mesother- 
apy, not for its pharmacological properties, 
but rather due to the fact that it helps other 
drugs to become diffused into the body thanks 
to its influence upon the ionic properties of 
the cell membrane. This is the case with lido- 
caine and procaine. 


Echogenicity: the capacity for reflexion and 
acoustic impedance of the tissues when 
these are crossed by an ultrasound beam. The 
greater the echogenicity of the tissue (greater 
capacity of reflexion and acoustic impedance), 
the whiter and hyperechoic it will appear. 
In contrast, with less echogenicity (less capac- 
ity for reflexion and acoustic impedance), 
the tissue appears more black and hypoe- 
choic. Based on the greater or lesser echo- 
genicity of the tissues, the following types of 
images are distinguished: (1) anechoic or ane- 
chogenic image, black image; (2) hypoechoic 
or hypoechogenic image, with a tendency 
towards black; (3) hyperechoic or hyperecho- 
genic image, very white image; (4) isoechoic 
or isoechogenic image, the same echogenicity 
between two tissues; (5) homogeneous image, 
and (6) heterogeneous image. 

Effectiveness: related to the possibility of an 
individual or collective beneftting from a 
health intervention according to the normal 
conditions of clinical practice. 
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Efficacy: the impact or effect of an action per- 
formed for the purpose of influencing the level 
of health or well-being of the population in 
the best possible conditions or experimental 
conditions (optimal conditions). T his responds 
to the question: what is the expected capacity 
of a health intervention (under ideal condi- 
tions of use and application) to improve the 
health level of an individual or group? 

Efficiency: achieving a concrete result based on 
a minimal amount of resources or obtaining 
the maximum beneft from a limited amount 
of resources. Eff ciency considers the expenses 
or costs in relation to the eff cacy or effective- 
ness achieved. 

Electrolysis: the process that separates the ele- 
ments of a compound using electricity. This 
entails the capture of electrodes via cations 
in the cathode (a reduction process) and the 
liberation of electrons by the anions in the 
anode (oxidation). This process, applied to 
sodium chloride and the water that is found in 
the tissues of our body, makes them break 
down into their basic chemical elements, 
which rapidly regroup to form completely 
new substances. 

Electromagnetic spectrum: the model for 
describing and classifying the complete range 
of electromagnetic radiation, ranging from 
maximum frequency and thus greater energy 
(gamma rays) to, at the other extreme, minimal 
frequency and therefore less energy (radio 
waves). 

Electrospray: a parameter used in_ high- 
frequency electroacupuncture for the sedation 
of acute or subacute pain (yang-type pain). 

Epifascial: the subcutaneous structure embed- 
ded in the superf cial fascia. 

Epitenon: the peripheral cover of some tendons. 
It is a sheath of lax connective tissue that 
covers the tendon in all its length. It contains 
blood vessels, lymph vessels and nervous 
fbres that cross it in order to reach the 
tendon. 


Fascia: the sheath of connective tissue located 
below the skin that surrounds the organs, 
muscle groups, muscles, blood vessels and 
nerves, and covers the spaces that would oth- 
erwise be empty (the thoracic, abdominal, 
pelvic cavities), linking some structures with 
others, enabling them to slide slowly between 
themselves. T here are different types of fascia, 
classif ed according to the tissue that they are 
made from, the anatomical localization and 
their functions. 

Fascia lata: a sheath of deep fascia that covers 
the thigh. 
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Fibroadipose septum: intermuscular connective 
tissue that 1s hyperechoic under ultrasound 
and becomes extramuscular at the origin of 
the tendon. Its relation with the muscle f bres 
is that of a true myotendinous junction, and 
therefore this is one of the weak points 
of muscles. Common injuries involving the 
septum appear on the rectus femoris and ham- 
string muscles. 

Fibrotic scar: poor elastic repair. An increase 
in collagen is usually produced inside and 
between the cells and tissues. This reduces 
tissue movement and may cause injuries due 
to elongation and pain. 

Fischer technique for segmental spinal sensiti- 
zation treatment: the diagnosis of the pres- 
ence of segmental spinal sensitization by 
exploring the existence of hyperalgesia and/or 
allodynia in the dermatome, the myotome and 
the sclerotome of the different metameric 
segments of a selected patient. Once the seg- 
mental levels affected by segmental spinal sen- 
sitization have been diagnosed, a therapeutic 
protocol is applied, consisting of inf ltration 
of local anaesthetic in the interspinous and 
supraspinous ligaments of the sensitized seg- 
mental levels, followed by inf Itration in the 
other trigger points (myofascial or not myo- 
fascial) of peripheral structures, correspond- 
ing with the myotomes and sclerotomes of the 
segments affected by segmental spinal sensiti- 
zation. Although Fischer recommends the use 
of inf ltration, both he (Fischer 2001, 2007, 
personal communications) and other followers 
(Imamura 2007; Shah 2007, 2010, personal 
communications) admit that positive results 
can also be obtained using dry needling. 

Frequency: the frequency of an ultrasound wave 
consists of the number of cycles or changes 
in pressure occurring in 1 second. The fre- 
quency is quantifed in cycles per second or 
hertz. It 1s determined by a source that emits 
noise and by the medium via which it 1s 
travelling. 


Galvanism: a form of electrotherapy that 
involves a sustained and interrupted flow of 
electrons from the negative to the positive pole 
(unchanging polarity) and which produces a 
chemical response below the electrodes. 

Gauge: an indicator of the width of a needle. 
T his is expressed as a number followed by a 
‘G’. A greater number before the ‘G’ indicates 
less width. 

Goal: the expected result after the process of 
care provided to a patient. The goals indicate 
a change in the body structures or functions, 
the limited activities or the restrictions in 


participation, and are measurable in a concrete 
time frame. 

Grey scale: the manner of codifying the colour 
of an image that only has black, white and 
shades of gray. The most common way of visu- 
alizing this is using 8 bits per pixel, which 
provides 256 levels of intensity. 

Grow th factors: the ensemble of molecules with 
a protein nature and the ability to act upon the 
cell cycle during processes of cellular repair 
and regeneration. 


Histogram: in the feld of digital image process- 
ing, a histogram is a graph that represents the 
statistical frequency of the grey scale or the 
colour values of an image, as well as the range 
of contrast and brightness. In a colour image 
a histogram can be created using information 
regarding all the possible colours or three his- 
tograms, one for each of the individual colour 
channels. 

Homeopathy: a healing system for illnesses 
based on the application of minimal doses of 
the same substances that, in greater quantities, 
would produce in a healthy person the same 
or similar symptoms to those that one wishes 
to treat. 


IEEE: a non-proft organization that gathers a 
worldwide professional association for the 
advancement of technology in areas that range 
from aerospatial systems, computation and 
telecommunications to biomedical engineer- 
ing. The IEEE was originally the acronym of 
the Institute of Electrical and Electronics 
Engineers. Currently, the areas of interest 
have expanded to cover a wide array of f elds, 
and therefore it is simply known as IEEE. 

lliotibial tract: fbrous longitudinal reinforce- 
ment on the lateral surface of the fascia lata. 

Image: the graphic representation of an object. 
T he digital image is the representation of that 
object via a matrix of pixels. 

Impairment: a problem affecting the functions 
(of the body systems) or the body structures 
(of organs or limbs). 

Insertional trigger point: hyperalgic site found 
on the myotendinous junction and/or in the 
bony insertion of the taut band. It is painful 
under palpation and may cause spontaneous 
pain, with an area of referred pain that is 
less distant and widespread than the central 
myofascial trigger points. This is a type of 
enthesopathy caused by a central trigger point, 
which is explained by the degenerative changes 
and ensuing liberation of nociceptive and sen- 
sitizing substances that can cause maintained 
tension of the taut band at its insertion points. 


Interface: the limit that exists between two 
media with different sonic resistance that are 
pierced by a beam. 

International Classification of Functioning, Dis- 
ability and Health (ICF): a classif cation devel- 
oped by the World Health Organization, with 
the objective of providing a common, trust- 
worthy, standardized language that is trans- 
culturally applicable and that enables the 
description of human functioning and disabil- 
ity. It is formed of two main parts: the frst 
regarding functioning and disability, with two 
components: (1) body functions and struc- 
tures; and (2) activities and participation, and 
the second regarding the so-called contextual 
factors, with two components: (1) environ- 
mental factors; and (2) personal factors. 

Interrater reliability: the consistency among 
scores given by different examiners who are 
assessing the same object or response. T his is 
determined by comparing the scores assigned 
to a group at a specif c point in time. 

Intraclass correlation coefficient: a family of 
correlation coeff cients that enable the meas- 
urement of reliability between two or more 
repeated measures. 

Intrarater reliability: the consistency with which 
an examiner assigns scores to an object or 
response on two or more occasions. 

Intratissue: directed to the affected tissue within 
the body via a local application. 

Intratissue Percutaneous Electrolysis (EPI*): 
invasive physiotherapy technique consisting 
of the application of a continuous current 
via a puncture needle that acts as a negative 
electrode (cathode) and which, via sono- 
graphic control, will provoke an electrochem1- 
cal reaction in the degenerated region of the 
tendon. 

Isoechoic: also known as isoechogenice. In ultra- 
sound, due to the characteristics of the tissues, 
structures are observed with similar echo- 
genicities. If we add to this the morphological 
similarities of the same, a thorough knowledge 
of the explored area is compulsory. In this 
manner, the following are considered to be 
isoechoic: (1) the tendons, the ligaments and 
the nerves; and (2) the arteries and veins. 


Jump sign: general painful response shown by 
patients consisting of an avoidance of the 
painful stimulus causing the patient to wince 
or vocalize. In this context, this refers to the 
response upon the pressure of the myofascial 
trigger point. 


Lateral resolution: the ability of the ultrasound 
device to distinguish between two objects 
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found one beside the other at the same depth 
in a perpendicular direction from the ultra- 
sound beam (x-axis). When the frequency is 
increased, lateral resolution increases, but the 
penetration depth of the ultrasound beam 
decreases. 

Lipolytic effect: an effect characterized by 
destruction of the adipose cell and its poste- 
rior elimination. 

Local twitch response: involuntary, brief, tran- 
sient and isolated contraction of the f bres that 
form the taut band in response to an appropri- 
ate stimulus, especially if this is applied over 
the myofascial trigger point. This can be pro- 
voked manually and via the rapid insertion of 
a needle. 


Matrix metalloproteinases (MMP): a family of at 
least 20 extracellular enzymes with proteolytic 
activity. Among their functions, they are 
responsible for the degradation of collagen 
together with the inactivation of the alpha-1 
antitrypsin and the activation of tumour 
necrosis factor-a. One of the best known is 
collagenase. 

Measurement: assigning numbers to an object, 
event or person in order to quantify or qualify 
it according to measurement rules. 

Mesotherapy: the treatment of diseases using 
various intradermal injections with small doses 
of different medicines that are practised on the 
affected region. 

Mirror image: artifact that is produced when an 
interphase is found in front of another curved 
and hyperechogenic image, so that the same 
image can be observed at the other side of the 
said surface. 

Monopolar electromyography needle: needle- 
shaped electrode that is inserted into the skel- 
etal muscle in order to register its bioelectric 
activity. It is a solid needle with an insulated 
coating that completely covers it, except for 
the tip. It registers the difference in potential 
between the electrode tip and an electrode 
placed in the skin. 

Moxibustion: a technique of traditional Chinese 
medicine that uses the pressed root of the 
mugwort plant, which is shaped like a cigar 
and is known as moxa. 

Muscle injury: painful anomaly that is produced 
at the muscle level. Muscle injuries are gener- 
ally self-limited and can be classifed into: 
(1) direct injuries (contusions and lacerations); 
and (2) indirect injuries (lesions due to elonga- 
tion, delayed-onset muscle soreness [DOMS] 
and compartmental syndrome). 

Muscle regeneration: regeneration 1s the reacti- 
vation of development processes in order to 


500 GLOSSARY 


restore missing tissue. As a result of this repair 
process, the muscle tissue develops properties 
that render it indistinguishable from the origi- 
nal tissue. 

Musculoskeletal ultrasound: a simple, non- 
invasive imaging procedure that uses the 
echoes produced by an ultrasound emission 
directed over a body or object as a source of 
data, in order to form an image of the organs 
or internal masses with different purposes. 
The ultrasound image in physiotherapy is a 
tool that enables the performance ofa dynamic, 
fast, eff cient and innocuous study in real time 
together with comparative examinations that 
can be used as an extension of the physiother- 
apy assessment and diagnosis in order to assess 
the musculoskeletal tissue objectively, register 
the evolution of the lesion and validate the 
different physiotherapy therapeutic tech- 
niques, thus improving the possibilities of pro- 
fessional success. 

Myofascial pain syndrome (MPS): a specifc 
non-inflammatory condition characterized by 
a regional pain that commonly presents in 
specif c areas of the body. A highlighted char- 
acteristic of MPS is the presence of one or 
several myofascial trigger points — discrete, 
hyperirritable nodules found within a taut 
band of skeletal muscle. 


Needle: a flament made of metal or another 
hard material, of a relatively small size, gener- 
ally straight, sharp at one end and with the 
other ending in an eye or loop for threading 
a needle. The parts of the needle are the tail, 
handle, junction area, shaft and tip. 

NSAIDs: the acronym for non-steroidal anti- 
inflammatory drugs, which are chemical 
substances with an anti-inflammatory, analge- 
sic and antipyretic effect. These reduce the 
inflammatory symptoms and provide pain and 
fever relief, respectively. The term ‘non-ster- 
oidal’ refers to the fact that the clinical effects 
are similar to those of corticoids, although 
without the side effects. As analgesics, they are 
characterized by not belonging to the class of 
narcotics and they act by blocking the synthe- 
sis of prostaglandins. The most widespread 
examples of this type of drugs are aspirin, ibu- 
profen and naxoprene. 


Patellar ligament: prolongation of the ligament 
of the quadriceps tendon from the inferior 
pole of the patella to the tibial tuberosity. 

Percutaneous: substance, drug or procedure 
that is effected, occurring or performed 
through the skin. Regarding the technique of 
Intratissue Percutaneous Electrolysis (EPI®), 


this refers to the application performed 
through the skin using a needle. 

Periosteal trigger point: hyperalgic site found 
on the periosteum which evokes referred pain 
in response to the application of pressure or 
another mechanical stimulus. Under experi- 
mental circumstances, evoked pain from peri- 
osteal trigger points is usually severe and with 
consistent locations, although the extension of 
the pain depends on the intensity of the stimu- 
lus. In a similar manner to the myofascial 
trigger points, the periosteal trigger points 
produce hypersensitivity in the muscles and 
bony prominences of the referred area, as well 
as frequent autonomic reactions (e.g. sweat- 
ing, paleness, nausea). 

Physiotherapy care process: the ensemble of 
interventions or procedures performed or pre- 
scribed by the physiotherapist in order to care 
for patients and cure their health problems. A 
care process must be centred on the patient 
and provide effective responses for the patient’s 
needs, values and preferences. 

Pixel: a single point or picture element of an 
image. A rectangular image may be composed 
of thousands of pixels, each representing the 
colour of the image in a given situation. The 
value of a pixel is generally comprised of 
various channels, with colours made up of 
components of red, green and blue, and some- 
times their alpha (transparency), or made up 
of a single component if the image is in grey 
scale. Furthermore, similarly to the fact that 
the bit is the smallest information unit that a 
computer can process, a pixel is the smallest 
element that the hardware and software of the 
screen and printer can manipulate when creat- 
ing graphics. 

Platelet-rich plasma: concentrated suspension 
of centrifuged blood that contains great 
amounts of thrombocytes; these in turn can 
liberate great amounts of growth factors. 

Puncture: the introduction of a sharp tool, such 
as a needle, into tissue, organ or cavity. 


Qi: the Chinese term that describes the energy 
generated by the metabolic processes. 


Referred pain: pain perceived in an area differ- 
ent to the area causing the pain, and that does 
not follow an innervation pattern. 

Region of interest (ROI: any portion of an 
image that is selected for processing or meas- 
urement procedures or in order to perform 
any action upon it. 

Reliability: the reliability of a measure refers 
to the consistency of results when measuring 
the same characteristic or process under 


consistent conditions. This must not be con- 
fused with the term accuracy, which provides 
information regarding how close a measured 
value is to the reality, and which depends on 
the measurement tool. Along these lines, the 
term precision is used to refer to the repro- 
ducibility of measures. 

Residues manager: the person or entity, public 
or private, that performs any of the operations 
involved in the handling of waste, whether or 
not they are the producers of the same. 

Resolution: image resolution indicates the 
amount of detail that can be appreciated in an 
image. A greater resolution equals an image 
with greater detail or visual quality. 

Reverberation: a phenomenon that occurs when 
the ultrasound beam that returns to the trans- 
ducer is partially reflected and bounces back 
towards the interior of the body, where it 
makes contact again with the original inter- 
phase, thus causing it to return once more to 
the transducer. The device interprets that this 
portion of the beam has travelled a double 
distance in relation to the initial echo. In the 
screen a second line will appear at a double 
depth in relation to the real interphase. 

ROC analysis: acronym for receiver operating 
characteristic (ROC) and commonly known as 
ROC curves. According to the theory of signal 
detection, it is a graphic representation of sen- 
sitivity, as opposed to specif city for a binary 
classif cation system, according to the varia- 
tion in discrimination threshold, which can 
also be interpreted as the result of the percent- 
age of true positives compared to the percent- 
age of false positives. In this manner, a tool for 
selecting the optimal models is available. T his 
is usually used in diagnostic decision making. 


Saphenous hiatus: an oval-shaped opening in 
the superomedial part of the fascia lata of the 
thigh, 3-4 cm inferolateral to the pubic tuber- 
cle. It is crossed by the greater saphenous vein, 
the superf cial epigastric artery, the external 
pudendal artery and the femoral branch of the 
genitofemoral nerve. 

Scar tissue trigger point: hyperalgesic site 
found on a scar, which commonly evokes 
referred pain in response to the application 
of pressure or another mechanical stimulus. 
According to Simons et al. (1999), the scar 
tissue trigger points found on the skin and the 
mucous membranes produce sensations of 
stinging, itchiness or electric tingling. 

Segmental spinal sensitization: state of hyper- 
activity of the dorsal horn caused by the bom- 
bardment of nociceptive impulses proceeding 
from damaged or sensitized tissue. 
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Sonoelastography: an imaging technique that 
uses Doppler ultrasound in order to estimate 
the peak displacement of the tissue under a 
harmonic externally induced vibration. The 
common understanding is that the healthy and 
pathological tissues respond differently to this 
excitation. Sonoelastography assesses the elas- 
ticity of the tissues and translates their stiff- 
ness to a colour scale that ranges from blue 
(greater resistance) to red (less resistance). 
Currently this is being applied to muscles and 
tendons. 

Sonographic transducer: this is one of the key 
elements of ultrasound and is based on the 
piezoelectric effect. Transducers have a double 
function: in the frst place, they transform the 
electrical energy that they receive into sound 
energy (generated by ultrasound, via quartz 
crystals), and afterwards, they recapture the 
reflected ultrasound beams from the different 
tissues, transforming them into electrical 
energy that, once processed, provides an ultra- 
sound image. Four main models of transduc- 
ers can be found: (1) linear (locomotor system); 
(2) convex (abdominal); (3) endocavity (endo- 
anal or endovaginal); and (4) sectorial (cardiac) 
transducers. 

Superficial fascia: a layer of lax connective and 
mainly adipose connective tissue (although 
in specifc areas, such as the eyelids and 
others, there is a lack of adipose tissue), found 
beneath the skin and superf cial to the deep 
fascia. Besides its subcutaneous presence, it is 
also found internally, covering viscera and 
glands, vasculonervous bundles and, in general, 
in locations where it covers spaces that are 
otherwise unoccupied. 


Taut band: ensemble of contiguous skeletal 
muscle fbres that presents increased tension 
compared to that of the surrounding muscle. 

Tendinitis: clinical picture characterized by the 
presence of inflammation in the tendon. 

Tendinopathy: term used as a synonym of 
tendinosis in reference to a chronic tendon 
problem. 

Tendinosis: clinical picture characterized 
by angiofbroblastic hyperplasia: functional 
changes in the tendons, collagen degradation, 
hypervascularization and _ proliferation of 
ground substance. 

Test-retest reliability: the consistency of a 
measure to be repeated from one time to 
another. 

Thread needling: perforating techniques that 
have an entrance and exit point. 

Thresholding: an image-processing method that 
creates a bitonal or binary image where two 
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levels are assigned to pixels that are above or 
below the specifed threshold value, which 
causes some pixels to turn black and others 
white. This can be performed manually, semi- 
automatically or automatically, for which a 
large number of methods or algorithms have 
been developed. 

Titin: structural protein of muscle fbre with a 
high molecular weight, it is endosarcomeric 
and not involved in muscle contraction. T his 
protein connects the myosin to the Z line of 
the sarcomere. 

Tonification point: point via which the energetic 
channel of a meridian can be increased. 

Transverse fascia: the transverse fascia (or fascia 
transversalis) is a thin connective layer that 1s 
found in the inner surface of the transversus 
abdominis and the extraperitoneal fascia. It is 
part of the general fascial layer that lines the 
abdominal walls, and is directly continuous 
with the fascia of the quadratus lumborum, 
iliacus, psoas major and pelvis. In the groin 
region, the transverse fascia is thicker and 
denser, but it becomes fner as it ascends 
towards the diaphragm, where it is continuous 
with the fascia that covers the inferior surface 
of this muscle. 

Triple burner: a term found in_ traditional 
Chinese medicine that describes the three 
types of metabolism: (1) respiratory; (2) diges- 
tive; and (3) excretory. 

Tumour necrosis factor-a (TNF-a): this factor 
belongs to a group of cytokines that stimulate 
the acute phase of the inflammatory reaction. 
This is a glucopeptidic hormone formed by 
185 amino acids, deriving from a propeptide 
formed by 212 amino acids. Some cells syn- 
thesize shorter isoforms of the molecule. 


Ultrasound: high-frequency sound waves (above 
the audible level) and with a low wavelength 
(depending on the medium they have to cross). 


‘Wand’ effect: according to the ‘wand’ effect, 
described by Daniel Dennett, when an object 
is touched via a stick held by the hand, a series 
of complex kinaesthetic and tactile mecha- 
nisms are triggered which allow one to feel 
through the wand, experiencing the (false) 
sensation that there are nerve terminals in 
its tip. 

Waste: any substance or object which the owner 
disposes of or which the person has the inten- 
tion or obligation of disposing of. 

Waste owner: the producer of the waste or the 
physical person or legal entity that has them 
in their power and that does not have a licence 
as waste handler. 

Waste producer: any physical or legal entity 
whose activity, excluding refuse derived from 
household waste, produces waste. In different 
centres, clinics and hospitals, the title of waste 
producer is given to those professionals who 
are responsible for the activities that generate 
these and, in particular, the physiotherapist 
responsible for the corresponding physiother- 
apy service. 


Xue: Chinese term referring to the blood in the 
body. 


Zhang-fu: theory of the organs and viscera 
according to traditional Chinese medicine. 
Related to the cycles of the f ve elements and 
the correspondences between the elements in 
nature with the internal organs of the human 
being. 
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A 
AACP. see Acupuncture Association of Chartered 
Physiotherapist (AACP) 
AAOMPT. see American Academy of Orthopaedic Manual 
Physical Therapists (AAOMPT ) 
A-B (type II) f bres, 340 
Abdominal exploration, 167f 
Abdominal wall, 102/, 104 
anterior, 106—107 
Abductor digiti minimi, 342 
AC AOM. see Accreditation Commission of Acupuncture 
and Oriental Medicine (AC AOM) 
Accessory nerve, 101, 104, 114-115 
Accreditation Commission of Acupuncture and Oriental 
Medicine (ACAOM), 8—9 
Acetylcholine (ACh), 229 
on CNS, 230 
in dysfunctional motor end-plates, 228 
Achilles tendinopathy (AT ) 
aetiology of, 444 
in athletes, 444 
autologous blood injections for, 445 
diagnosis of, 444 
eccentric exercise for, 445-447 
functional restriction of movements with, 
447-448 
high-volume image-guided injections (H VIGI) for, 443, 
445 
treatment of, 444-445 
ultrasound-guided PNT and, 265 
Achilles tendon, 1497, 160f, 169f 
pathways, for substance P (SP), 292f 
puncture techniques in, 132 
Acne, 416 
Acoustic impedance, 475, 475t 
ACPOMIT. see Association of Chartered Physiotherapists 
in Orthopaedic Medicine and Injection T herapy 
(ACPOMIT ) 
Acquired Qi, 343 
Acromioclavicular joint, 162/ 
Actin, 228 
Activity limitations, 458 
Acu-pen stimulator, 392, 392f 
Acupuncture, 82, 397 
clinical, 337-380 
as complex type of medicine, 339 
def nition of, 339 
effects of, 339-340 
informed consent form, 53 
in physiotherapy practice, 8—9, 8b 
sensation, 26 
treatment, checklist for, 41f 
in western medicine, 339 
Aacupunadure and Related Techniques in Physical Therapy, 8 


Acupuncture Association of Chartered Physiotherapist 
(AACP), 7, 19 
Acupuncture Division of the Canadian Physiotherapy 
Association, 8 
Acupuncture meridians (Jing Mai), 347-348 
Acupuncture needles, for auriculotherapy, 70 
Acupuncture points, 348—356 
action of, 349-350 
anatomical landmarks for, 349 
anatomy for needle insertion and location of, 108¢ 
characteristics of, 348, 349f 
correlation and correspondence of, 341-342, 342b, 342f 
functions of, 349 
general notions for, 348 
location of, 349 
types of, 350-356 
Acupuncture techniques, for segmental dysfunction in 
neuromusculoskeletal pain, 239-255 
case study, 240-241 
dry needling, and local twitch response, 250 
glial cells, role of, 246 
latent MTrPs, to central sensitization, 246—247 
modalities, and manual therapies, 250—252 
acupuncture techniques, and paraspinous dry needling, 
250-251 
local anaesthetic, paraspinous block technique with, 250 
paraspinous block, and paraspinous dry needling 
techniques, limitations of, 252 
muscle pain, distinct neurobiology of, 241-246 
higher brain centres dynamically modulate muscle 
pain, 246 
peripheral to central sensitization in, 242—243 
sensitization, background on, 241-242, 2425 
somatic, and visceral input convergence, 243-244, 
243f, 244b 
spinal facilitation, 244-245, 244f-245f, 245b 
and paraspinous dry needling, 250—251 
spinal segmental sensitization, diagnosis and implications 
of, 247-250, 249b 
digital palpation, limitations of, 249-250 
treatment, 252-253 
Acute pain, treatment of, 386, 386b 
Acute trauma, 414 
Acu-TENS 
biological foundation of, 383 
introduction to, 381-386 
types of, 383 
A-6 (type III) f bres, 340 
Adcortyl®, 422-423, 423t 
Adductor hallucis muscle 
acupuncture points with MTrPs in, 342 
puncture techniques in, 132—133 
Adductor longus muscle (tendon), puncture techniques in, 
Il 
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Adductor muscles, 167f 
Adenosine triphosphate, 242 
Adrenaline, 37 
anaphylaxis and, 430 
hydrochloride, 37 
lidocaine with, 431 
Adverse effects classif cation, of puncture techniques, 25 
Afferent bombardment, 241 
Algorithm, 204, 204f 
Alignment, on probe manipulation, 185, 1855 
Allergic reactions, 36 
as side effect of mesotherapy, 409 
treatment of, 429-430 
Allodynia, 241 
Allopathic medication, 411-412 
Allopathy, 409-410 
American Academy of Orthopaedic Manual Physical 
Therapists (AAOMPT ), 8—9 
American Physical Therapy Association (APTA), 7 
Amino acids, excitatory, 341 
Analgesic applications, 385 
Anaphylactic reactions, 429 
(ABCDE) approach for, 429 
Anaphylactic shock, 36—37 
Anaphylaxis 
adrenaline (epinephrine) and, 430 
features of, 429t 
immediate action for, 4305 
Ancestral Qi, 343 
Anconeus muscle, 116 
puncture techniques, 121—122 
Angiof broblastic hyperplasia, 286, 2876 
Angiology, 416 
Anisotropy, 168—170 
EPI® and, 323-324, 324f 
Ankle, 124, 128-129 
sagittal section of, 161f 
Anode, 383-384 
hydrogen chloride (HCl) and, 273-274 
Anodic flow (AF), 274 
Antegonial notch, 99-100 
Anterior brachialis muscle, 163/f, 168 
Anterior cervical region, of neck, 100-101 
Anterior jugular vein, 101 
Anterior trunk wall, 106-107, 111 
acupuncture and myofascial trigger points in, 106/ 
surface projections of the organs, 102f 
Anticoagulants, in DNHS®, 235 
Anti-HB vaccine, 36 
APA. see Australian Physiotherapy Association (APA) 
Apis mellifica, 410 
Apoptosis, tendinopathy and, 262 
Applied techniques, 82 
APTA. see American Physical Therapy Association 
(APTA) 
Arcade of Frohse (supinator arch), puncture techniques, 
122 
Arm, 112-113, 115 
Arrector pili muscle, 403 
‘Arrival of Qi’, 356 
Artefacts, 167—170 
Arterial microcirculation, 403 
Articular cartilage, 164/ 
Ashi acupuncture points, 348, 385, 388) 
characterization of, 388 
electroacupuncture of, 388 
concepts and characteristics, 388 
methodology, 388 
thread needling technique, 388/ 
ASP ear needles, 70-71 


Assessment scale of ankle lesions (ELT ), for tendinopathies, 
460 
Assessment tools, 459-461 
selection of, 461-463 
adequate metric properties in, 461-463 
feasibility in, 463 
types of, 459-460 
Disabilities of the Arm, Shoulder and Hand (DASH), 
469 
foot functional index, 471 
VISA-P score, 467 
Association of Chartered Physiotherapists in Orthopaedic 
Medicine and Injection Therapy (ACPOMIT ), 
10-11 
Association of Social Work Boards, 6 
Asymptomatic neovascular tendinosis (hypervascular 
tendinosis), 293, 293f 
AT. see Achilles tendinopathy (AT ) 
Atrophy, 317 
Atypical mycobacteria, infections caused by, 4085 
Auricular needles, 70—71 
Auriculotherapy needles, 70—71 
Australian Physiotherapy Association (APA), 5 
Australian Society of Acupuncture Physiotherapists, 8 
Autocrine growth factors, 315 
Autogenic inhibition mechanism, of type Ib fbres, of golgi 
tendon organ, 227 
Autologous blood injections, for AT, 445 
Automatic segmentation, 485, 486f 
Axilla, 119 
Axillary region, 112 
Axonal sprouting phenomenon, 225 


B 
B mode, ultrasound in, 148-151 
Baker’s cyst, 164, 1656, 165f 
Baldry’s superf cial dry needling technique, 211 
Barrel, of syringe, 66 
Bell’s palsy, 393-395 
Bell’s phenomenon, 394 
Bevel, of needle, 67 
Bian, 57 
Biceps brachii tendon, 155f, 159f 
Biceps femoris, muscle injuries, 327-328, 329f-330f 
sonoelastography of, 325f 
Biceps pulley, anatomy of, 305f 
Binary answers, response formats and, 460 
Biochemical model, 291-292, 2926, 292f 
Biological basis, types of, 383 
Biomechanical model, 290-291, 290f, 2926 
Biomechanics, eccentric exercise and, 331 
Biomedical model, 457 
Biomedical waste, transportation of, 39-40 
Bionergetics, notions of, 342-347 
Bladder (Foot Tai Yang), 366-368, 367f 
BL40, 368 
BL58, 368 
BL63, 366 
BL 64, 366 
BL65, 366 
BL67, 366 
Blood flow, 151f, 173-174 
Blood vessels, 4037 
Body acupuncture needles, 70 
Bologna process, 8 
Bone, 165 
ultrasonographic image and, 475 
Bone-tendon-bone ligamentoplasty, patellar tendon for, 
290 


Botulinum toxin type A (BT X A), 222 
Brachial canal, 115, 115f 
Brachial plexus, 101 
Brachioradialis muscle 
acupuncture points with MTrPs in, 342 
puncture techniques, 121 
Bradykinin 
on damaged muscle, 242 
on MTrPs, 242-243 
B-Steer, 194f 
BT X A. see Botulinum toxin type A (BT X A) 
Buflomedil, 411 
Bupivacaine, 424 
maximum dose of, 4337 
Burns, 30 


6 
Cadaver-based approaches 
in physiotherapy, 97—134 
topographical anatomy 
head, 98-100 
lower limb, 123-133 
neck, 100—104 
trunk, 104-112 
upper limb, 112-123 
Calcitonin, 411 
Calcitonin gene-related peptide (CGRP) 
in innervation of capillaries, 291 
on MTrPs, 242-243 
Calcium, on ion channel proteins, 242 
Calcium channels, galvanotaxis/electrotaxis and, 294 
cAMP. see Cyclic adenosine monophosphate 
Canadian Physiotherapy Association, outcome measures 
and, 456, 456t¢ 
Capillaries, 403 
Capillary microcirculation, 404 
Capsuloligamentous lesion, 163 
Cardiac notch, 110f 
Carotid artery, 99f, 101, 102f, 103-104 
Carpal tunnel, 118 
approach, 123/ 
puncture techniques in, 123 
Carpal tunnel syndrome, 414 
Cartesian system, size and, 478 
Cartilage 
articular, 164f 
hyaline, 150f 
Caspase, 278 
Cathode, 271-272, 383-384 
sodium hydroxide (NaOH ) and, 273-274 
Cathode flow (CF), 271-272 
Ceiling effect, 461 
Cell division, on tissue regeneration, 314—315 
Central nervous system (CNS) lesion, 221—222, 225f 
Central sensitization, 242 
Cervical artery, deep, 101-103 
‘Cervical huatuo jiaji’, 353-354 
Cervical pleura, 109 
Cervical plexus, 104 
Cervical spine, 397 
Cervical vein, deep, 101—103 
CGRP. see Calcitonin gene-related peptide (CGRP) 
Chan-Zern Hong’ DDN technique, 212 
Chartered Society of Physiotherapy (CSP), 6 
MSK-US and, 141 
Chemical irritation, biochemical model and, 291 
‘Chicken-pecking’ technique, 193 
Chinese needle, 70, 705 
Chinese TENS, 383, 3836, 384f 
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Chloramines, 274 
hydrogen peroxide (H,O,) and, 274 
Cholesterol-lowering medications, tendinopathy from, 
262-263 
Chondroitin sulphate, 286, 291, 2916 
Chong Mai, 347 
Chronic pain 
states, 240 
treatment of, 386, 386b 
‘Classical Shu’ points, 350 
Clavicular belly, 101 
Clavipectoral fascia, 113 
Clinical acupuncture, 337—380 
action, mechanisms of, 339-341, 340f 
acupuncture points, correlation and correspondence of, 
341-342, 342b, 342f 
bionergetics, notions of, 342-347 
bladder (Foot Tai Yang), 366-368 
conception vessel (Ren Mai), 376-377 
de-Qi phenomenon, 356 
gall bladder (Foot Shao Yang), 372—374 
governing vessel (Du Mai), 377-378 
heart (Hand Shao Yin), 363-364 
kidney (Foot Shao Yin), 368-369 
large intestine (Hand Yang Ming), 359-360 
liver (Foot Jue Yin), 374-376 
lung (Hand Tai Yin), 357-359 
meridians, anatomical description, 356—357 
from millenary wisdom, to scientifc evidence, 339 
pericardium (Hand Jue Yin), 369-371 
small intestine (Hand Tai Yang), 364—366 
spleen (Foot Tai Yin), 362-363 
stomach (Foot Yang Ming), 360-362 
tendinomuscular meridians, treatment model and, 
378-379 
transmission, mechanisms of, 340f 
triple burner/ Sanjiao (Hand Shao Yang), 37\1—372 
Clinical applications, 385 
Clinical cases, resolution of, 489-493 
Clot, on inflammatory response, 316 
Coagulation disorders, 25 
Cochrane systematic review, 25 
Coeff cient KR-20, in measurement of internal consistency, 
462 
Coeff cients, 462 
Cold sprays, 86, 86f 
Collagen, 403 
on maturation phase, 316 
type I, 286-287 
Collagenase 
cytochrome C and, 278f 
peroxisome proliferator-activated receptor-y (PPAR-y) 
and, 279f 
Smac/DIABLO protein and, 278/ 
tendinopathy and, 277 
vascular endothelial growth factor receptor-2 (VEGFR- 
2) and, 2797 
vascular endothelial growth factors (VEGF) and, 
2197 
College of Physical Therapists of British Columbia 
(Canada), MSK-US and, 138-139 
Colour Doppler (CD), 190-191 
Colour Doppler energy, 152—153, 152f-153f, 1536 
Colour power Doppler (CPD), 264, 264f 
Commission of Continued Training of the Health 
Professions, on EPI® training courses, 273 
Common extensor tendon, 122f, 300-303, 303f-305f 
Compound imaging technology, 184—185 
Compression, image, 477, 477f 
Concentric syringe, 66 
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Conception vessel (Ren Mai), 347, 376-377, 376f 
REN4, 376 
REN 6, 376-377 
REN 12, 377 
REN 17, 106f, 1082, 377 
Conf dence interval (CI), 464 
Connective tissue, 155—157 
architecture, 1565, 1586 
needle puncture in, 91 
Conservative treatment, in management of AT, 444-445 
Constitutional Court of Spain, 13 
Contact needles, 72 
Continuous current (CC), 271-272, 273f 
on sodium chloride (NaCl), 273-274 
on soft tissues, 293-294 
on tumours, 274 
Contusions, quadriceps, classif cation of, 317¢ 
Convergent validity, 462-463 
Coolsense®, 86, 86f 
Coracobrachialis muscle, 115, 115 
Corticobulbar tracts, 2245 
Corticospinal tracts, 2245 
Corticosteroids, 422—423 
for AT, 445 
anti-inflammatory effect of, 435) 
calcif cation from, 425 
commonly used, 4237 
dosage of, 431-432 
hypothalamic-pituitary axis suppression from, 427, 4275 
indications for, 431b 
with local anaesthetic, 424 
medium-acting, for subacromial bursitis, 493 
PNT and, 264 
potential side effects of, 4287 
rationale for using, 422 
tendinopathy from, 263 
use of, in healing, 317 
Cortisol (hydrocortisone), 422 
Cortisone, low dose, for acute mechanical inflammatory 
reaction, 445 
Cosmetic medicine, 416 
Cost, diff culties in implementation and, 143 
Costal pleura, 109 
Coup par coup injection, 409, 414. see also Mesotherapy 
Craniocervical symptoms, 397 
Cronbach’ alpha coeff cient, in measurement of internal 
consistency, 462 
CrossXBeam™, 184, 185 
Cryotherapy, on EPI® postintervention care, 322 
CSP. see Chartered Society of Physiotherapy (CSP) 
Cubital tunnel, 116 
Cun (tsun), 349 
Curvilinear probe, 181, 181 
Cutasept®, 189 
Cyclic adenosine monophosphate (cAMP), 320 
Cyclooxygenase-2 (CO X-2), on tendinopathy, 286 


D 

Dae Mai, 347 

DASH. see Disabilities of the Arm, Shoulder and Hand 
(D ASH ) 

Databases, 465 

DDN miniscalpel-needle release technique, 213, 2135 

De novo, 244-245 

De-Qi phenomenon, 356, 356f 

De-Xi (Qi) sensation, 87 

Deep DN (DDN) techniques, 210, 216 

Deep fascia, 403f 

Degenerative pathology, 414 


Degenerative processes, calcifying, 165b 
Deltoid muscle, acupuncture points with MTrPs in, 342 
Deltoid region, 112 
puncture techniques, 120 
Deltopectoral triangle, 113 
Denervation supersensitivity, 225 
Dependence, 460 
Depo-Medrone®, 423, 423¢ 
Depo-Medrone® + lidocaine, 4237 
Dermatome 
Mu points with, 353¢ 
Shu points with, 3517 
Dermis, 403, 4030, 403f 
cellular composition of, 403 
endocrine system, 403 
immune system, 403 
nervous system, 403 
microcirculation of, 403-404 
Diabetes, 25 
Diaphragmatic pleura, 109 
Diff culty, 460 
Digital image, 475-476, 476f 
processing, 476 
Digital imaging and communication in medicine 
(DICOM), 477 
Digital palpation, limitations of, 249-250 
Digitalization process, 478 
Direct tracts, 224b 
Disabilities of the Arm, Shoulder and Hand (DASH), 460, 
469 
Disability, International Classif cation of Functioning, 
Disability, and Health (ICF) and, 457-458, 457f 
Distal action, 349-350 
Distal effects, 340 
‘Distance’, 349 
DN. see Dry needling (DN ) 
DNHS:*®. see Dry needling for hypertonia and spasticity 
(DNHS*) 
Dominant eye, 185, 1865 
Doppler, 190-191 
Achilles tendinopathy and, 444, 446f 
EPI® and, 322 
high volume image-guided injection and, 447f 
technique, 151 
ultrasound, 193 
Doppler velocity spectrum, 174/ 
Dorsal scapular artery, 114-115 
Dorsalis pedis artery, 129 
Dorsum, 129 
Drawing medication (ampoule or vial), 67, 67b, 69¢ 
Dry needling (DN), 72t, 82, 82f, 275-276, 275f, 277f 
AAOMPT on, 9 
classif cations of, 210-213 
deep, 216 
def nition of, 9 
diagnostic importance of, 213-214 
indications of, 214-215 
informed consent form, 50 
and local twitch response, 250 
mechanisms of action of, 215-216 
modalities of, 210-213 
of myofascial trigger points, 209-220 
in physiotherapy practice, 9-10, 9b 
superf cial, 215-216 
in temporomandibular pain, 216-217 
therapeutic effectiveness of, 214-215 
Dry needling for hypertonia and spasticity (DNHS*), 
221-237 
application methods of, 231-235 
contraindications for, 235 


diagnostic criteria, essential and conf rmatory, 
231-232, 2315-2326 
guidelines for, 233-234 
indications for, 234—235 
procedure for, 232-233, 232b 
prognosis for, 235 
clinical case, 235 
hypothesis of, 227-230 
muscle f bre, and motor end-plate, 227—229 
neural CNS pathways, 230 
spinal reflexes, 229-230 
summary of, 230 
neurological patients, effect in, 230 
spasticity, physiopathology of, 222-227 
therapeutic effects of, 230-231 
Du Mai, 347 
Duct of Stenon, 99, 99f 
Duplex Doppler, 153f 
Dupuytren’s disease, 415 
Dynamic measures, MSK-US and, 139-140 


E 
Earth element correspondences, 3457 
EBCP. see Evidence-based clinical practice (EBCP) 
Eccentric exercise 
with EPI®, 489-490 
isoinertial devices for, 33 1—332 
for muscle regeneration, 329 
Eccentric syringe, 66 
Eccrine sweat gland, 403f 
Echogenic needles, 192 
Echogenic points, 149-150 
Echogenicity, analysis of, 482-485, 483f, 485b 
EDTA. see Ethylenediaminetetraacetic acid (EDTA) 
EFC. see External femoral condyle (EFC) 
8-bit image value, resolution and, 480, 480f 
Elbow, 113, 115-116 
Electric point detector, 392 
Electric resistance, 348 
Electro-acoustic-electrical transduction, 475 
Electroacupuncture, 9, 87f, 381-398 
benef ts of, 382 
Caesarean-section, 391f 
characteristics of, 382-383 
clinical application of, 383-385 
clinical case, 397 
acupuncture, 397 
cervical spine, 397 
craniocervical symptoms, 397 
clinical expertise and, 388 
contraindications of, 386 
children, 386 
epilepsy, 386 
neoplastic processes, active, 386 
pregnancy, 386 
electrolipolysis, 389-390 
cellulalgia, physiopathology of, 390 
characteristics and effects of, 390 
concept, 389-390 
methodology of, 390, 391f 
obesity, physiopathology of, 390 
technique in, 390t 
intramuscular, 389 
concepts and characteristics, 389 
methodology, 389, 389f 
introduction to, 381-386 
mechanism of action, 386—388 
microcurrents/MEN S, 395-397 
advantages of, 396 
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contraindications of, 397 
effects of, 396 
indications of, 396-397 
methodology, 395-397 
precautions of, 397 
monopolar stimulation, 391—393 
concepts and characteristics, 391—392 
methodology, 392 
types of, 392-393 
needles, 70, 87f 
neurophysiology of, 386-388 
application modalities, 387—388, 3885 
generalities and objectives, 386 
mechanisms in, 386-387, 3876, 387f 
peripheral paralysis, 393, 395b 
acupuncture in, 393-395 
Bell’s palsy, 393-395 
peroneal nerve, paralysis of, 395 
radial nerve palsy, 395 
precautions of, 385-386 
in scars, 390-391 
concept and characteristics, 390-391 
lumbar spine, 391/ 
methodology, 391 
Electroencephalography (EEG), 230 
Electrolipolysis, 389-390 
needles, 71 
Electrolysis, 273—274 
Electronic beam steering, 193-194, 194f 
Electrophysical agents (EPAs), International Society for 
Electrophysical Agents in Physical Therapy and, 
Bee) 
Electrotherapy equipment, 384/ 
EMLA™, 86 
Empirical action, 350 
Endocrine system, cellular composition of dermis in, 403 
Endogenous non-opioid peptides, 341 
Endogenous opioid peptides, 341 
Endotenon, 260 
Energetic unit, 347 
Energy 
circulation, sense of, 347f 
physiology, concepts of, 343-347 
timetable, 347-348 
Enhancement techniques, image, 477 
EPAs. see Electrophysical agents (EPAs) 
Epicondylitis, 300 
Epidermal injection, 409 
Epidermis, 403, 403 
EPI®. see also Intratissue percutaneous electrolysis 
in early phase, 491 
eccentric exercise and, 490 
infraspinatus muscle for treatment with, 490f 
local inflammatory process and, 490 
magnetic resonance imaging and, 490, 491 
2-4 mA intensity in, 489-490 
ultrasound with, 489-490 
Epitenon, 260 
Epitrochlear tendon, 161f—162f 
Erector spinae, 109 
Erythema, as side effect of mesotherapy, 407 
Ethylenediaminetetraacetic acid (EDTA), 412 


European Framework Directive on Prevention from Sharps 


and Injuries, 33 


European Society of Musculoskeletal Radiology, assessment 


protocol and, 297-298 
Evaluation procedures, EPA and, 139 
Evidence-based clinical practice (EBCP), 465-466 
Evidence-based medicine, 465. see also Evidence-based 
clinical practice (EBCP) 
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Evidence-based physiotherapy model, 142 
Excitotoxic mechanism, 225, 226f 
Excitotoxicity, 291 
Exercise 
biochemical adaptation to, 289 
eccentric, in tendinopathy, 296—297 
Extensor carpi radialis brevis muscle 
acupuncture points with MTrPs in, 342 
capsule, of humeroradial joint, 123f 
puncture techniques, 122 
puncture techniques, 122 
tendon, puncture techniques, 122 
Extensor carpi radialis longus muscle 
acupuncture points with MTrPs in, 342 
puncture techniques, 122 
Extensor digitorum brevis, 129 
External femoral condyle (EFC), 150f 
External jugular vein, 101, 103-104 
Extra/non-meridian points, 353-356 
Extrasegmental analgesia, 386 
Extrasegmental response, 340 
Extrinsic pathway, 295 


F 
‘Facet joint syndrome’, 353-354 
Facial flushing, 427 
Facial musculature, 99, 99f 
Facial nerve, 103-104 
Facial paralysis. see Bell’s palsy 
Failed healing theory, 287-289, 288f, 2891 
Fan technique, 83 
Fat, 403 
Feasibility, 463 
Federation of State Boards of Physical Therapy (FSBPT), 6 
Federation of State Medical Boards, 6 
Federative International Committee on Anatomical 
Terminology, 98 
Femoral artery, 130 
Femoral nerve, puncture techniques in, 131 
Femoral triangle, 125, 125f 
Femoral valve, 152f 
Fibroblastic repair, 316 
Fibroblasts, 403 
Fibronectin, on muscle injuries, 319-320 
Fibular artery, 128 
Filiform/hollow needle, 56 
FIM. see Functional Independence Measure (FIM) 
Finger-ain measurement method, 349 
Fire element correspondences, 345t 
Fisioterapia Invasiva, 4—5 
Five elements, theory of, 344, 3441-345t 
Flat palpation, 74, 76f 
Flexor digitorum brevis, 129f 
Flicking, 79, 80f 
Floating puncture, 211—212. see also Fu’s subcutaneous 
needling technique 
Floor effect, 461 
Floxacin (fluoroquinolone), tendinopathy from, 262 
Fluoroquinolones, tendinopathy and, 262 
Focal zone, 183, 1835, 1837 
Foot, 124, 129-130 
left, plantar view dissection, 129f 
sagittal section of, 161f 
Foot Functional Index, 471 
Forearm, 113, 116-118, 169f 
left, dorsal view dissection, 118/ 
‘Freehand technique’, 203 
Frequency (f), ultrasound wave, 181 
Frequency compound imaging, 184 


Frequency transducers, 181—182 

‘Frozen’ shoulder, 443-444 

FSBPT. see Federation of State Boards of Physical T herapy 
(FSBPT ) 

Functional Independence Measure (FIM), types of tools 
and, 460 

Functioning and disability, model of, 457/ 

Fu’s subcutaneous needling technique, 211—212, 212f. see 
also Floating puncture 


G 
Gall Bladder (Foot Shao Yang), 372-374, 373f 
GB21, 107f, 108¢ 
GB34, 374 
GB36, 374 
GB37, 374 
GB38, 374 
GB40, 374 
GB43, 372 
GB44, 372 
Galvanic current, 275 
Galvanotaxis/electrotaxis, 294 
Gamma-aminobutyric acid, 341 
Gastrocnemius muscle 
myotendinous junction of, 158/ 
puncture techniques in, 132 
Generic tool, as type of tools, 459 
Geometric distortion, 477 
Get-Up and Go Test, types of tools and, 460 
Glial cells, role of, 246 
Global twitch response (GTR), 229 
on DNHS*® technique, 229 
on neural release, 233 
Gloves, 19-20, 195 
disposable, 19 
indications for, 20 
medical, 19 
procedure, 20, 21f 
Glutamate, 291, 291b 
Gluteal region, 123-125 
Gluteus medius/minor, puncture techniques in, 130 
Goniometer, isoinertial eccentric exercise protocol and, 331f 
Governing vessel (Du Mai), 377-378, 377f 
DU4, 377-378 
DU14, 378 
DU20, 378 
Gradual ordinal scales, response formats and, 460 
Great circulation, 347 
Greater occipital nerve, acupuncture points in, 342 
Grey scale imaging, 173 
digitalization of, 479 
resolution of, 480, 480f 
Grid approach, 201 
Group B vitamins, 412 
Growth factors, 315, 315t, 405, 412-413 
in wound repair, 4055 
GTR. see Global twitch response (GT R) 
Guideline for Qualifications of Faaulty for Physical Therapist 
Professional Entry Level Programmes, | | 
Guidelines for Safe Aaipunaure and Dry Needling Practice, 8 
Guidelines on Basic Training and Safety in Acupundture, 8 
Guidelines on Hand Hygiene in Health Care, 16 
Gunn’& intramuscular stimulation technique, 212-213, 213f 
Guyon’s canal, 118 


H 
Haematomas, as side effect of mesotherapy, 407 
Haemorrhagic response, on EPI®, 275-276, 276f 


Hair, 403f 
Hair disorders, 416 
Hair follicle, 403f 
Hallucis brevis muscle, 129 
Hand, 113, 118-119 
palmar region, dissection of, 117f 
pathology of, 414-415 
Hand acupuncture needles, 71 
Hand hygiene, 16, 165 
prior, 16 
specif cations for, 16 
techniques for, 16 
handrubbing, 16, 18/ 
handwashing with soap, 16, 17f 
Head, puncture techniques, approaches for structures and 
key sites, 100 
Health status questionnaire, 4145 
Heart (Hand Shao Yin), 363-364, 364f 
HE3, 364 
HES, 364 
HE6, 364 
HE7,.363 
HE9, 363 
Heel laboratories, 413 
Herniated disc, with L5-S1 irradiation, 379-380, 379f 
Higher nervous centres, 341, 3416 
High-volume image-guided injections (H VIGI), 443-452 
for Achilles tendinopathy, 443, 445 
advantages of, 449b 
Victorian Institute of Sports Assessment-Achilles 
(VISA-A) and, 443-444 
for Achilles tendon, 493 
clinical case of, 4492, 450 
complications of, 448-450 
‘flare response’, 449 
outline rehabilitation programme post Achilles, 448, 
4A9t 
procedure of, 446), 446/-447f 
rehabilitation following, 445-448, 4481 
Histamine, on inflammatory response, 316 
Histogram, image, 481-482, 481f, 4825 
‘Hockey stick’, 181f, 201 
H offa’s fat pad, EPI® treatment approach to, 300/ 
Homeopathic medicines, 4105 
Homeopathy, 410 
Hong’s fast-in and fast-out DDN technique, 212 
Huatuo jiaji points (paravertebral points), 250-251, 
353-354, 355f, 385, 385b, 392-393, 393f 
Hub, of needle, 67 
Hui meeting points, 353 
Humerus, 159f 
HVIGI. see High-volume image-guided injections (H VIGI) 
Hyaline cartilage, 1507 
H ydrocortisab®, 423, 423¢ 
Hydrocortisone, 423 
Hydrocortisone acetate, 4237 
H ydrodilatation, 443-444 
H yoid muscles, 101 
H yperalgesia, 241 
of central origin, 242 
Hyperechoic, 183 
Hypertonia, 223, 223f 
grade 1+, 235 
grade 2, 235 
of upper limb poststroke, 235 
Hypochlorous acid, apoptosis and, 274 
H ypodermic needle, standard syringe and, 65/, 66—67 
H ypodermis, 403 
H ypoechoic image, 183 
Hypoechoic muscle, 150f 
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H ypothalamic-pituitary axis suppression, by corticosteroid, 
427b 

Hypothalamus, 246 

H ypothetical-deductive model, 142 

H ypovascular asymptomatic tendinosis, 293, 293 

H ypovascular symptomatic tendinosis, 293, 293f 

Hypoxia inducible factor-1 (HIF-1), in symptomatic 
hypovascular tendinosis, 29 1—292 


I 
Ia afferent f bres, 225-226 
IAAPT. see International Acupuncture Association of 
Physical Therapists IAAPT ) 
Ibuprofen, tendinopathy from, 263 
Iceberg theory, 287, 2887 
ICF. see International Classif cation of Functioning, 
Disability, and Health (ICF) 
IL-1. see Interleukin-1B (IL-1) 
IL-6, on MTrPs, 242—243 
IL-8, on MTrPs, 242-243 
Iliacus muscle, puncture techniques in, 130 
Iliopsoas muscle, 123—124 
Image 
analysis, 477 
capture, 474-475, 4756, 475t 
compression, 477, 477f 
contrast, 481, 481 
digital, 475-476, 476f 
enhancement techniques, 477 
histogram, 481-482, 481/, 4826 
processing, 476-480, 4766 
in grey scale, 480-487 
restoration, 477 
segmentation, 484/, 485, 485, 486f 
synthesis, 478, 478b 
ImageJ, 485-487 
Imaging physics, 474 
Immune system, cellular composition of dermis in, 403 
Impact loading, progressing to, 447 
Impairments, 458 
In vivo sarcomere, in cerebral palsy, 227—228 
Indirect approach, 201-203 
Indirect tracts, 224b 
Infection, local, 30 
Inferior patellar pole, EPI® treatment approach to, 
2007 
Inflammatory response, 315-316 
Informed consent, 23, 40-42 
concept, 40 
conditions, 40, 40b 
form, 40-42, 41f 
for acupuncture, 53 
for dry needling, 50 
for injection techniques, 54 
for mesotherapy, 51 
for percutaneous needle electrolysis (PNE), 52 
Infrapatellar fat pad (fat pad of Hoffa), 126, 126f 
Infraspinatus muscle, 115, 210f 
acupuncture points with MTrPs in, 342 
puncture techniques in, 120 
for treatment with EPI®, 490/ 
Infratemporal fossa, 99, 100f 
Inguinal canal, 106—107 
Injection needles, 72 
Injection techniques, informed consent form for, 54 
Injection therapy, 83, 421-440 
adverse reactions of, 428-430 
acute anaphylaxis, 428—429 
prevention of, 430-431 
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Injection therapy (Continued) 
syncope, 430, 430t 
toxicity from local anaesthetic, 430, 430¢ 
clinical case on, 436—437 
patient with shoulder pain, 436-437 
contraindications to, 433 
drugs for, 422-424 
equipment, 434 
follow-up, 435-436 
on joint, volumes for, 4337 
knee joint, 434f 
in physiotherapy practice, 10-11 
protocol, 431, 4315 
preparation, 433-435 
side effects of, 424-428, 424b, 427b 
local, 424-427 
systemic, 424-427 
subacromial bursa, 432f 
technique flowchart, 435, 435) 
on tendon, volumes for, 434b 
volumes, 432-433, 433¢, 434b 
Inn-trang (third eye), 356 
In-plane approach, 196-197, 198/-199f 
Insertion, of needle, 78 
Insulin, galvanotaxis/electrotaxis, 294 
Insulting (Wu) cycle, 346-347, 346f 
Intercostal muscles, puncture techniques in, 112 
Intercostal vasculonervous bundle, 102/, 113 
Interleukin-18 (IL-1B), 289 
on MTrPs, 242-243 
Interleukins, on tendinopathy, 286 
Intermuscular haematoma, 318 
Internal consistency reliability, measurement of, 462 
Internal jugular vein, 101, 103-104 
International Acupuncture Association of Physical 
Therapists IAAPT ), 8 
International Classif cation of Functioning, Disability, and 
Health (ICF), 457 
components and domains (or chapters) of, 457, 457/, 
A58t 
International Society for Electrophysical Agents in 
Physical Therapy, electrophysical agents (EPAs) 
and, 139 
Interstitial microcirculation, 404 
Intraclass correlation coeff cient, in measurement of 
reliability, 462 
Intradermal injection, 409, 4095 
Intradermal nappage, 409, 414 
Intradermal needles, 71 
Intradermal papule, 409 
Intramuscular applications, 385 
Intramuscular haematoma, 327/ 
Intramuscular needle stimulation (electroneedling), 9 
Intratissue percutaneous electrolysis (EPI® technique), 
271-283, 2726, 278f, 313-334 
anisotropy in, 323-324, 324f 
on biceps femoris muscle injury, 330f 
collagenase and, on tendinopathy, 277 
cytochrome C and, 278f 
def nition of, 271-272 
description of 
indications/contraindications in, 297 
procedure in, 295-296 
results in, 296-297 
to different tendinopathies 
common extensor tendon, 300-303, 303f-305f 
patellar ligament, 297-300, 298/-302f 
supraspinatus tendon, 303-308, 305/-308f 
eccentric exercise with, 276-277 
eccentric training and, 329-332, 332f 


effects of, 274b 
electrochemical effect of, 272 
electrophysical effect of, 272 
history of, 272-273 
inflammatory response on, 276, 276b 
interleukin-16 (IL-1B) and, 281/, 2826 
macroscopic studies on, 275-279, 276f 
molecular mechanisms of 
in the muscle, 279-282 
on tendon, 275-279 
on muscle injuries, 313-334 
muscle regeneration via, 320-321 
on muscle tissues, 321-322, 326-328 
for myofascial pain syndrome, 322 
peroxisome proliferator-activated receptor-y (PPAR-y) 
and, 279f 
postintervention care for, 322, 322b 
proliferative response and, 276 
in regeneration of the muscle lesion, 280-281 
on Smac/DIABLO proteins, 277-278, 278f, 279b 
on tendinopathy, 276-277 
in tendon injuries, 285—312 
clinical case of, 308-309, 308f 
description of, 295-297 
to different tendinopathies, 297-308, 308) 
principles of, 293-294 
on tendon, 296 
3-6 mA dose in, 296 
on tennis leg injury, 332-333 
theoretical model of the effect of, 273-275 
tumour necrosis factor-a (TNF-a) and, 281f 
ultrasound assessment in, 323-326, 323f-324f 
ultrasound-guided, 321/, 322b 
with colour Doppler, 322 
use of animal models in research for, 275 
vascular endothelial growth factor (VEGF) and, 279f, 
281f 
vascular endothelial growth factor receptor-1 (VEGFR- 
1) and, 282f 
vascular endothelial growth factor receptor-2 (VEGFR- 
Z) and, 2797 
Intrinsic pathway, 295 
Invasive techniques 
application criteria, 22—24 
application, 23-24, 24b 
information regarding procedure, 23, 23b 
informed consent, 23 
patient positioning, 23, 235 
post application, 24 
professional and public liability insurance, 22—23 
training, 22 
workplace, 23 
complications of, 25-37, 26b, 27t 
accidental cut, 37 
adverse reaction report form, unexpected, 37 
allergic reactions, 36 
anaphylactic shock, 36—37 
bent needle, 28-29, 28f 
bleeding, 26, 27t 
broken needle, 27t, 29-30 
bruising, 28 
burns, 30 
fainting and convulsions, 32 
local infection, 30 
losing a needle, 30, 31f 
needlestick injury, 33-36, 346 
nerve damage, 33 
organs, injuries to, 32—33 
pain, 26, 27t 
pneumothorax, 27¢, 30-32, 32f 


stuck needle, 29 
vegetative reactions, 28 
concept of, 4-5 
contraindications, 24—25 
cost-effectiveness of, 42 
def nition of, 4 
dry needling in, 9-10 
education and training, 1 1—13 
recommendations for, 12—13 
history of, 8-11 
indications, 24, 24b 
informed consent, 40-42 
concept, 40 
conditions, 40 
form, 40-42 
injection therapy in, 10-11 
medical waste management, 37-40, 38) 
concept, 37 
production authorizations, 38 
waste management, 38—40, 39b 
in physiotherapy, 3—54, 65 
recording form for unexpected effects during, 49 
safety measures, 15—22, 155 
clean and safe work space, 15 
gloves, 19-20, 196 
hand hygiene, 16, 16, 17f-18f 
needles, sterilization and storage of, 22, 22b 
needling, preparation of the application sites for, 20 
puncture technique, 20—22 
resuscitation measures, training in, 22 
transducer cleaning and disinfection, 22 


Invasive ultrasound-guided techniques, in physiotherapy, 


179-206 
advantages/ disadvantages, of ultrasound-guided 
procedures, 181/, 203, 2035 
algorithm, 204, 204f 
artefacts, 190f, 203 
identif cation of target zone, procedures for, 186-188, 
1865 
clinical correlation, 186 
contralateral study, 187, 187 
elastographic study, 188, 188/ 
panoramic study, 187, 188f 
scanning, 186—187 
systematizing ultrasound assessment, 186 
image visualization, procedures for, 181—186 
compound, and harmonic imaging, 184—185 
depth, 182-183, 182f, 1835 
dominant eye, 185—186 
focus, 183, 183, 183f 
frequency, and probe selection, 181-182, 181/-182f 
gain, 183, 184f 
grey maps, 184, 184f 
probe manipulation, 185 
time gain compensation (TGC), 184 
indirect approach, 201-203 
in-plane versus out-of-plane approach, 201, 201f 
needle approach techniques for, 195—203 
anterograde-retrograde linear threading approach, 
201, 2027 
description of, 196, 1975 


freehand approach or use of support system on probe, 


203 
general considerations, 195—196, 196f 
grid approach, 201, 202f 
in-plane approach, 196-197, 198/-199f 
needle visualization, procedures for, 191-195, 1925 
bevel orientation, needle, 192 
cadaver training, 195, 195f 
Doppler ultrasound, 193, 194f 
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electronic beam steering, 193-194, 194f 
gauge, needle, 192 
hydrolocation, 192-193 
insertion angle, insertion site, and echogenicity, 192, 
1925, 193f 
length, needle, 192 
needle-beam alignment, 193, 193f 
phantom training, 194-195 
type of needle for, 192 
out-of-plane approach, 197-201, 199f-200f 
safety measures in, 188-191 
Doppler, 190-191, 190f-191f, 191b 
material, 189-190, 1905 
measurement, and needle selection, 191, 1915 
needle tip visualization, 191 
positioning, 189 
probe orientation, and image on screen, 190, 1908, 
190f 
terminology, 195 
Ionic effects, 294 
Ischiocrural muscle group, 124/, 125—126 
Isoinertial eccentric exercise protocol, for rectus femoris 
muscle injuries, 331/ 


J 
Japanese needle, 58/, 70 
Joint, 163 
and capsuloligamentous support, 162—164 
Joint injections, volumes for, 433+ 


K 
Kager’s fat pad, 129 
Kappa index, in measurement of reliability, 462 
KD Yang, tonif cation treatment of, 491, 491f 
Kenalog®, 422, 423t 
Kidney (Foot Shao Yin), 368-369, 368f 
KID 1, 369 
KID3, 369 
KID4, 369 
KID5, 369 
KID7, 369 
KID 10, 369 
Kinetic chain, 447-448 
Knee, 124, 126-127, 163f, 165f 
joint, injection of, 434/ 
Knee dissection, 155f, 157f 
left, 126f 
image, posterior region, 127f 
posterior articular plane, 127f 
Kocycle, 345, 346f 
Korean needle, 58/, 70 


L, 
Lactate, in hypovascular tendinosis, 291—292, 291b 
Large intestine (Hand Yang Ming), 359-360, 359f 
LIl, 35? 
L339 
LI4, 359-360 
LI6, 360 
LI11, 360 
Lateral epicondylalgia. see Epicondylitis 
Lateral epicondyle muscle, puncture techniques, 122 
Lateral epicondyle region, EPI® technique approaches to, 
303f 
Lateral epicondylitis (‘tennis elbow’), 266 
Lateral plantar nerve, acupuncture points in, 342 
Lateral retromalleolar region, 129 
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Lateral wall, of axilla, 112 
Latissimus dorsi muscle, 113, 114/ 
Leg, 124, 127-128 
Leukocytes, on inflammatory response, 316 
Leukotaxine, on inflammatory response, 316 
Levaquin®, 262 
Levator scapulae muscle, 101, 114—115 
puncture techniques in, 121 
Level of activity, 458-459 
assessment tools, types of, 459-460 
Lidocaine 
adrenaline with, 431 
maximum dose of, 4337 
Lidocaine hydrochloride, 424 
Lifting/thrusting, mobilization/manipulation techniques, 
78, 78f, 826 
Ligaments, 163, 163/-164f 
Limb 
lower, 123-133 
anatomical relations of interest, 124-130 
puncture sites, approaches for structures and key sites, 
130-133 
regions, 123-124 
vasculonervous conflict and anatomical landmarks, 
130 
upper, 112-123 
anatomical relations of interest, 113-119 
puncture sites, approaches for structures and key sites, 
120-123 
regions, 112-113 
vasculonervous conflict and anatomical landmarks, 
119-120 
Limbic forebrain, 246 
Liquefaction, 272 
Liver (Foot Jue Yin), 374-376, 375f 
LIV1, 374 
LIV2, 374 
LIV3,375 
LIVS, 375 
LIVGi273 
LIV8, 375-376 
Local action, 349 
Local anaesthetic measures, 85—86 
Local anaesthetics, 411, 423-424, 431 
commonly used, 424 
dosage for, 431-432, 432b, 432f, 433t 
potential side effects of, 4287 
rationale for using, 423-424 
toxicity from, 430, 430¢ 
Local twitch response (LT R), 88, 172, 212, 2125, 222, 229 
and dry needling, 250 
on neural release, 233 
to spinal reflex, 229 
LogiqView®, 187 
Longitudinal/long axis approach. see In-plane approach 
Look-up tables (LUT ), 480-481, 481f 
Lossless algorithms, in biomedical image processing, 477 
LTR. see Local twitch response (LT R) 
Luer lock syringe, 66 
Luer slip syringe, 66 
Lumbar pain, mesotherapy in, 416-417, 417f 
Lumbar spine pathology, 415f 
Lumen, of needle, 67 
Lung (Hand Tai Yin), 357-359, 357f 
LUS, 358-359, 358f 
LU6, 358 
LU7,.338 
LU9Y, 358 
BU 1,.497 
surface projections of, 110f, 1115 


Luo connecting points, 350 
Lymphatic microcirculation, 404 


M 
Macrophages, 294 
Magnesium def ciency, fluoroquinolone-induced chelation 
and, 262 
Magnetic resonance elastography, 172 
Magnetic resonance imaging (MRI), EPI® and, 490, 4917 
Manual segmentation, 485 
Manual strength tests, EPI® and, 491 
Manual therapies, and modalities, 250—252 
Marcain®, 424, 431 
Maryland Board of Physical Therapy Examiners, | | 
Masseter muscle, 99, 99f 
puncture techniques, 100 
Mastication muscles, 99 
Mastocytes, with patellar tendinopathy, 292 
Matrix metalloproteinases (MMP-3), 286, 290f 
Maturation phase, tissue, 316 
Maxillary artery, 99, 100f 
McConnel-type taping, on EPI® postintervention care, 
ee) 
MCID. see Minimal clinically important difference (MCID) 
MDC. see Minimal detectable change (MDC) 
Mechanical allodynia, in symptomatic hypervascular 
tendinosis, 292—293 
Medial collateral ligament, puncture techniques in, 131 
Medial gastrocnemius rupture. see Tennis leg injury 
Medial malleolus, acupuncture points in, 342/ 
Median nerve, 117, 117f, 151f 
carpal tunnel approach, 123 
Mediastinal pleura, 109 
Medical image processing 
analysis and visualization, with musculoskeletal 
ultrasound, 473-488 
lossless algorithms in, 477 
‘Medical tool,’ diff culties in implementation and, 143 
Medical waste, 38-39 
disposal, 39, 39f 
management, 37-40 
Medullary level, and ascending pathways, 340-341 
MENS. see Microcurrent electrical neuromuscular 
stimulator (MENS) 
Meridians 
circulation sense of, 347-348, 347f, 348) 
main points by, summary of, 3787 
six organs by, 347 
six viscera by, 347 
Mesoperfusion, 409 
Mesotherapy, 83, 4026, 4046. see also Coup par coup 
injection 
antiseptic preparation for, 4065 
brief historical overview of, 402 
contraindications of, 407 
frst theories of, 404 
guns, 406 
homotoxicological medication in, 413 
informed consent form for, 51 
integrated theory, 404 
in lumbar pain, 416-417 
materials for, 405—406 
needles, 406, 4065 
syringes, 405 
mechanism of action of, 404-405, 404f 
medication used in, 409-413 
in musculoskeletal system, 401-418 
objectives of, 402-403 
Ordiz’s revisionist, 404 


in other branches of medicine, 415-416 
scientif c evidence of, 416 
side effects of, 407-409 
allergic reactions, 409 
erythema, 407 
haematomas, 407 
nerve injury, 408 
pain, 407 
postinflammatory hyperpigmentation, 408 
skin infections, 408 
skin necrosis, 408 
tuberculoid granuloma, 408 
vagal reactions, 407-408 
vessel injury, 408 
technique for, 409 
manual, 409, 4107 
virtual or electroporation, 405 
Mesotherapy needles, 72 
Metal element correspondences, 3457 
Metalloproteinases, statins and, 262—263 
N-methyl-D-aspartate-1 (NMDA-R1) receptors, in 
tendinopathy, 291 
Methylprednisolone acetate, 423, 423¢ 
Microbial infection, wounds caused by, 408 
Microcirculation 
arterial, 403 
capillary, 404 
of dermis, 403-404 
interstitial, 404 
lymphatic, 404 
venous, 403 


Microcurrent electrical neuromuscular stimulator (MEN S), 


a5 
Microcurrents (MCRs), 395, 396f 
Microdialysis technique, 289, 291, 300 
Microf brosis, on biceps femoris injury, 328 
Mid-responders, 90 
Minimal clinically important difference (MCID), 464 
Minimal detectable change (MDC), 464 
MOBAM. see Mobility Activities Measurement for 
Outpatient Rehabilitation (MOBAM) 
Mobility Activities Measurement for Outpatient 
Rehabilitation (MOBAM), types of tools and, 
459-460 
Mobilization/manipulation techniques, 78—82 
Modalities, and manual therapies, 250—252 
Monoethanolamine nicotinate, 411-412 
Monopolar needles, 72/ 
Monopolar stimulation, 391—393 
Motor end-plate, 227-229 
Moxibustion, 87/, 339, 492f 
MPS. see Myofascial pain syndrome (MPS) 
MSK-US. see Musculoskeletal ultrasound (MSK-US) 
MT J. see Myotendinous junction (MT J) 
MTrPs. see Myofascial trigger points; Myofascial trigger 
points (MTrPs) 
Mu points/alarm points 
front, 353, 3537 
ventral, 354f 
Mu-Zi cycle, 346, 346f 
Muscle, 156-158 
adductor, 167f 
anterior brachialis, 163/, 168f 
contraction, 88 
healing process of 
complications on, 325-326 
ultrasound characteristics, 325t 
molecular mechanisms of EPI® in, 279-282 
Muscle f bre, 227—229 
Muscle injuries 
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biceps femoris, 327-328, 329f-330f 
clinical classif cation of, 319 
contusions, 317-318, 318f 


quadriceps contusions, classif cation of, 326f 


vastus intermedius, 326-327, 327f 
extrinsic cause of, 317-318 


ale 


intratissue percutaneous electrolysis (EPI®) in, 313-334 


intrinsic cause of, 318-320 
quadriceps, classif cation of, 326t 
rectus femoris, 326, 327f, 331t 


isoinertial eccentric exercise protocol, 331f 


regeneration and, 317-320 
risk factors of, 317 
sonoelastography of, 324-325 
ultrasound indications for, 324 
ultrasound-guided EPI® for, 321f 
Muscle nociception, 241 
Muscle pain, 241 
Muscle relaxants, 412 
Muscle tissue, needle puncture in, 91—92 
Musculocutaneous nerve, 115 


Musculoskeletal healing, ultrasonographic signs of, 


325-326 
Musculoskeletal pain, 241 


Musculoskeletal pathology, mesotherapy protocols in, 


413-415 

Musculoskeletal system 

brief historical overview of, 402 

lesions of, 163 

mesotherapy in, 401-418 

sonoanatomy of, 147-170 

ultrasound correlations with, 154-167 
Musculoskeletal ultrasound (MSK-US), 137 

Chartered Society of Physiotherapy and, 141 


College of Physical Therapists of British Columbia 


(Canada) and, 138-139 
dynamic measures and, 139-140 
novel applications in, 144 
in physiotherapy, 137-146 
advantages of, 142-143, 142f 
assessment of, 139-140 
clinical case in, 144, 144 
diff culties in implementation of, 143 
intervention with, 141-142, 141f 


morphology and function of muscle in, 140 


reassessment of, 142 
scope of practice, 138-142, 139¢ 


rehabilitative ultrasound imaging (RUSI) and, 138 
static morphological measurements and, 139-140 
Musculoskeletal Ultrasound Technical Guidelines 


elbow, 300 
shoulder, 305 


Musculoskeletal ultrasound test, of patellar ligament, 


291-298 


Myoaponeurotic septum, ultrasound image of, 333f 


Myocytes, human, 228 
Myofascial pain, 241 


Myofascial pain syndrome (MPS), 171-175, 222 


current diagnostic criteria of, 171-172 

def nition of, 209 

dry needling for, 209 

limitations, 176-177 

lines of assessment of, 172 

methods of investigation of, 172-175 
blood flow, 173-174 
diagnostic ultrasound technology, 173 
grey-scale imaging, 173 
physical examination for, 173 
vibration sonoelastography, 174—175 

pathogenesis of, 175 
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Myofascial trigger points (MTrPs), 50, 171-178, 221, 233, local anaesthetic measures, 85—86 
321 needle retention time, 86 
as activators and perpetuators, 489 number of needles, 84—85, 85¢ 
active, 240, 249 oblique puncture, 84 
anatomy for needle insertion and location of, 108¢ palpation-guided versus ultrasound-guided, 83 
def nition of, 209-210, 241 perpendicular puncture, 84 
diagnosis of, 172 transverse/horizontal puncture, 84 
Doppler velocity spectrum, 174/ applied techniques, 82—83 
dry needling of, 209-220, 251 acupuncture, 82 
electromyographic activity in, 229 dry needling, 82 
in hypertonia, 231 injection therapy, 83 
latent, 247 mesotherapy, 83 
motor end-plate and, 228 percutaneous needle electrolysis, 82—83 
schematic of, 172f percutaneous needle tenotomy, 82 
on sensory abnormalities, 241 education and training in, recommendations for, 12-13, 
thermography for, 172 13d 
Myosin, 228 insertion-based techniques, 74-78, 77/-78f 
Myositis ossif cans, 165 flat palpation, 74 
Myotatic reflex, 225-226 holding the needle, 74 
Myotendinous junction (MT J), 319f, 327f pincer palpation, 74 
sonoelastography of, 325f puncture with a guide, 74—77 
Myotome mobilization/manipulation techniques, 78—82 
Mu points with, 353¢ flicking, 79 
Shu points with, 351+ insertion, 78 


lifting and thrusting, 78 
rotation, 79-82 


N scraping, 78 
Nail pressure, 78, 78f sparrow pecking, 78 
National Association of Boards of Pharmacy, 6 swaying, 78 
National Board for Certif cation in Occupational Therapy, and modalities, 55—93 
6 neurophysiology of, 89f 
National Council of State Boards of Nursing, 6 objectives of, 87-88 
National Institute for Health and Care Excellence (NICE), local twitch response, 88 
445 muscle contraction, 88 
National Institute for Occupational Safety and Health needle effect, 88 
Administration, 19 reproduction of pain pattern, 88 
National Physiotherapy Associations, 5 tissue elasticity, 88 
Neck physiological reactions to the needle puncture in, 91—92 
anatomical relations of interest, 101—103 physiotherapy and, 56—57 
anterior region of, 101 puncture needles 
lateral region of, 101 characteristics of, 57-58 
posterior region of, 101-103, 103f classif cation of, 70-72 
puncture techniques, approaches for structures and key standard, 58-64, 76f 
sites, 104 sensations produced by the needle puncture, 88—91 
regions of, 100-101 non-responders, 91 
sternocleidomastoid region of, 101 provoked sensations, 88—90 
vasculonervous conflict and anatomical landmarks, response patterns, 90—91 
103-104 strong responders, 90 
Needle(s), 626, 66-67, 72f, 72t weak responders, 90 
bent, 28-29, 28f standard syringe and hypodermic needle, 64—67 
broken, 29-30 N eovascularization, 261 
in DNHS®, 234 Nerve, 166-167, 166f, 403 
hypodermic, 19, 251 compressions, 166—167 
losing a, 30 damage, 33 
record for counting, 31f dynamic behaviour of, 167) 
standard puncture, 19 echogenicity of, 166 
sterilization/storage of, 22, 225 injury, as side effect of mesotherapy, 408 
stuck, 29 Nervous system, cellular composition of dermis in, 403 
type of, 192 Neural CNS pathways, 230 
Needle effect, 88 Neural growth factor, mastocytes and, 292 
Needle gauge, 66-67, 67b ‘Neural release’, 232 
Needle polishing, 616 Neurogenic inflammation, 245 
Needle retention time, 86 Neurology, 416 
Needlestick injuries, 33—36, 345 Neuromodulators, 341 
preventing, 346, 35f ‘Neuromuscular release’, 232 
Needling techniques, 11, 57b, 626, 74-83, 746, 855 Neuromusculoskeletal pain, 241 
application modalities, 83-87 Neuron, trifurcation of, 245f 
associated physical agents, 86—87 Neuronal plasticity, 229 
depth of the puncture, 84 Neurophysiology, of electroacupuncture, 386-388 


direction of the puncture, 84 Neutrophils, galvanotaxis/electrotaxis and, 294 


NICE. see National Institute for Health and Care 
Excellence (NICE) 
Nociceptors, 241 
N oise, 478 
Non-responders, 91 
N on-steroidal anti-inflammatory drugs (NSAIDs), 411 
harm caused by, 4287 
for pain, 492 
tendinopathy from, 263 
N oradrenaline, on MTrPs, 242-243 
Notexin, EPI® and, 280/-281f 
NSAIDs. see N on-steroidal anti-inflammatory drugs 
(NSAIDs) 
Numbness, H VIGI and, 449 


O 
Oblique puncture, 84 
Obliquus capitis inferior muscle, 101—104 
puncture techniques in, 104, 105f 
Occipital protuberance, external, 101 
Oedema, on inflammatory response, 315-316 
Oestrogens, tendinopathy from, 263 
One-off measure, 463-464 
One-time measurement in time, interpretation of, 
463-464, 4631 
Orbicularis oculi muscle, acupuncture points with MTrPs 
in, 342 
Organs, injuries to, 32—33 
Orthopaedic Medicine Seminars®, 10—11 
Osteof brous compartments, 120 
Out-of-plane approach, 197-201, 199f-200f 
Outcome measurement, 456, 456¢ 
assessment tools of, 459-463 
selection of, 461-463 
in clinical practice, 455-471 
assessment tools of, 459-461 
interpretation of results of, 463-464 
selection of relevant results of, 457-459 
usefulness of, 464-466 
decision making in process of care in, 464 
Victorian Institute of Sports Assessment - Patella 
(VISA-P) and, 456 
Outcomes research, 465 
Oxidants, apoptosis and, 274 


P 
Packaging, of needles, 64/ 
Pain, 26, 460 
low-back, treatment goal progression and outcome 
assessment with, 456¢ 
measures to be taken for, 26 
during needle insertion, 26, 27t 
needle withdrawal, 26 
neurophysiology of, 340-341, 340f 
pattern, reproduction of, 88 
postinsertion, 26, 27¢ 
prevention strategies, 26 
as side effect of mesotherapy, 407 
Palmaris longus muscle, | 16—117 
Palpation-guided versus ultrasound-guided, application 
modalities in, 83 
Palpation methods, and contrast radiology or fluoroscopy, 
180 
Paraben, steroids and, 425 
Paracrine growth factors, 315 
Paraspinal dry needling, 251/ 
Paraspinous dry needling, and acupuncture techniques, 
250-251, 251f 
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Paratenon, 260 
Paratenonitis, 260¢ 
Paravertebral points, 355 
Parietal pleura, 109, 110f 
Parotid duct, 99-100, 99f 
Parotid gland, 99-100 
Participation restrictions, 458 
Patellar ligament, 297-300, 298/-302f 
lateral approach, 132f 
proximal approach over tendon, 131/ 
puncture techniques in, 131—132 
Patellar tendinosis (jumper’s knee), 266 
Patellar tendon (PT), 159f, 169f 
Pathological cycle, 345-347 
Patient care model, evidence-based physiotherapy model 
and, 142 
Patient recovery, objectives for, 314f 
Patient Specifc Functional Scale, 459 
Patient-centred tool, types of tools and, 459 
Pectineus muscle, puncture techniques in, 130-131 
Pectoralis major muscle, puncture techniques in, 120 
Pentoxifylline, 412 
Peppering technique, 83 
Percentile values, 463, 463¢ 
Percutaneous injury, 33 
Percutaneous needle electrolysis (PN E), 10, 82—83, 83f 
informed consent form for, 52 
on taut band, 489, 490 
for treatment of tendinopathies, 141-142, 141f 
ultrasound-guided, 10 
Percutaneous needle tenotomy (PNT), 9, 82, 259-268, 
264f 
def nition of, 259-260 
goals of, 263-264 
procedure, 265), 265f 
sonographically guided, 265, 2666 
for lateral elbow tendinosis, 265—266 
for patellar tendinosis, 266 
technique, 264 
for tennis elbow, 266 
ultrasound-guided, 265 
Pericardium (Hand Jue Yin), 369-371, 370f 
P3s371 
P4, 370-371 
P6,370 
PT, 310 
P9, 369-370 
Peripheral nociceptors, 340 
Peripheral paralysis, in acupuncture, 393-395 
Peripheral sensitization, 242 
Permanent needles, 71 
Peroneal nerve, paralysis of, 395 
Peroxisome proliferator-activated receptor-y (PPAR-y), 279 
Perpendicular puncture, 84 
Phantom training, 194—195 
Phrenic nerve, 101 
Physical examination, 173 
Physical Therapists and the Performance of Dry Needling, 9 
Physical therapy. see Physiotherapy 
Physiological cycles, 344—345 
Physiological regeneration, 315-317 
factors affecting healing on, 316-317 
f broblastic repair and, 316 
inflammatory response on, 315-316, 316f 
remodelling phase/maturation phase on, 316 
Physiotherapists, 5, 135-156, 14 
extended scope practice, 6 
injection therapy for, 421-440 
Physiotherapy, 7, 98, 273-274 
acupuncture in, 4 
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Physiotherapy (Continued) 

conceptual framework, 140f 

def nition of, 4—5 

diagnosis, 140-141, 140f, 1415 

dry needling in, 9-10 

injection therapy in, 10-11 

and invasive ultrasound-guided techniques, 180-181, 

1805-1815 

musculoskeletal ultrasound in, 137-146, 139¢ 
scope of practice in, 138-142, 139r 

and needling techniques, 56—57 

practice and regulation, 13—15, 145 
recommendations for, 14—15 

relevant results in, 457-458 

scope of practice, 5—8 
advanced, 6 
APA on, 5—6 
Chartered Society of Physiotherapy (CSP) on, 6 
extended, 6 
limiting factors in, 5 
Pew Health Professions Commission on, 5 
pillars in, 6 

techniques, 491 

tendinopathy and, 276-277 

treatment planning in, 141 

ultrasound-guided percutaneous needle electrolysis in, 

10 


World Confederation for Physical Therapy (W CPT ) on, 


138 
World Health Organization and, 139 
Phytotherapy, 410 
PI. see Pulsatility index (PI) 
Piezoelectricity, 475 
Pincer palpation, 74, 76f 
Pinch and roll test, 249f 
Pinyin, 348 
Piston, of syringe, 66 
Pixel 
digital image and, 475, 475), 476f 
statistics, 482-485, 483, 4855 
echotexture analysis, 482/ 
Plantar fascia, 161f 
lateral approach, 133f 
puncture techniques in, 132 
Plasma-rich growth factors, 412f 
Platelet-rich plasma (PRP), PNT and, 266—267 
Platysma muscle, 101 
Pleura, 109, 110f 
apex, 109 
surface projections of, 1115 
Pleural cavity, 109, 110f 
Pleural reflection, lines of, 105f, 109, 111f 
Plunger, of syringe, 66 
PNE. see Percutaneous needle electrolysis (PN E) 
Pneumothorax, 27t, 30-32, 32f 
risk of, 111D 
PNT. see Percutaneous needle tenotomy; Percutaneous 
needle tenotomy (PNT ) 
PO,, on f broblastic repair, 316 
Pointer Plus device, 349f 
Pointer Plus stimulator, 392, 392f 
Popliteal fossa, 126-127 
Popliteus muscle 
puncture techniques in, 132 
tendon, 126, 127f 
Postactivation depression, of type Ia f bres, 226-227 
Posterior ankle region, 128—129 
Posterior cervical region, of neck, 101 
Posterior interosseous nerve, acupuncture points in, 342 
Posterior knee region, 126—127 


Posterior tibial artery, 128 
Posterior trunk wall, 105f, 107-109, 111-112 
acupuncture and myofascial trigger points in, 107f 
Postinflammatory hyperpigmentation, as side effect of 
mesotherapy, 408 
Potassium, 242 
Power Doppler imaging (PDI), 191 
on tennis leg injury, 333/ 
Power Doppler test 
of patellar ligament, 298, 298f 
of supraspinatus tendon, 305 
PPT. see Pressure pain threshold (PPT ) 
Pregnancy, 25 
Pressure, on probe manipulation, 185 
Pressure pain threshold (PPT ), 248 
Presynaptic inhibition, of type Ia f bres, 227 
Prevertebral muscles, 101 
Probe (transducer), 181, 1817 
Product packaging/labelling, 67 
Professional Conduct Code (CSP), 14 
Progressive loading, for tendon adaptation, 447, 447b 
Prolonged-use needles, 71 
Prolotherapy, 445 
Pronator teres, acupuncture points with MTrPs in, 342 
Propagation, constant speed of, ultrasound wave, 181 
Proportional measure, for acupuncture points, 349 
Prostaglandins, 242 
on tendinopathy, 286 
Provoked sensations, 88—90, 89f, 906 
‘Pseudo-allergic’ anaphylaxis, 429 
Pseudo-colour tables, 480-481, 481/ 
Psoas major muscle, puncture techniques in, 130 
PT. see Patellar tendon (PT ) 
Pterygoid muscles, 99, 100f 
lateral, puncture techniques, 100 
Pubic symphysis, puncture techniques in, 112 
Pulsatility index (PI), 174 
Pulsed Doppler, 154f 
Puncture 
associated physical agents, 86—87 
depth of, 84, 84f 
direction of, 84, 85f 
with a guide tube, 74-77, 77f 
guiding needle with other hand, 77, 77f 
Puncture needles, 57-58, 60b, 63¢ 
auriculotherapy needles, 70—71 
intradermal needles, 71 
invasive treatments, 70 
non-invasive treatments, 70 
permanent needles/needles for prolonged use, 71 
semipermanent needles/ASP needles, 70—71 
specif c acupuncture needles for, 70 
background of, 57 
body acupuncture needles, 70 
characteristics of, 58 
classif cation of, 70-72 
concept, 57-58 
contact needles, 72 
description of, standard, 58-64 
dimensions, 61—62, 615 
guide tube, 62, 64f 
handle, 58-59, 58f, 595 
material and options, 60-61 
materials of, 59 
protective cover, 62 
recommendations, 64 
root, 59-60, 59f 
safety manufacture, 62-64 
shaft, 58f, 60-61 
shape, 59 


size, 59 
tail, 58, 58f 
tip, 58f, 61, 61f 
for dry needling, 71 
electroacupuncture needles, 70 
electrolipolysis needles, 71 
hand acupuncture needles and needles used in other 
microsystem, 71 
injection needles, 72 
insertion of, 59f 
mesotherapy needles, 72 
for percutaneous electrolysis, 71 
physiological reactions in, 91—92 
connective tissue, 91 
muscle tissue, 91-92 
skin, 91 
sensations produced by, 88—91 
Puncture site 
local stimulation of, 72—73 
location of, 72-74, 73f 
segmental stimulation of, 73-74, 731 
Puncture technique, 20-22, 205 
aseptic technique, 20 
probe, asepsis of, 22 
ultrasound transducer, asepsis of, 22 


‘Qi flow’, 340 

Qi-gong, 339 

Quadratus lumborum muscle, 107—109, 108¢ 
puncture techniques in, 112 

Quadriceps muscle injury, classif cation of, 326t 

Quadriceps tendon, 162/, 168f 

Quality, assessment of, 465 


R 
Radial artery, 117, 117f 
Radial nerve, acupuncture points in, 342 
Radial nerve palsy, 395 
Raynaud’s phenomenon, 415 
Receiver operating characteristic (ROC), 477 
Reciprocal inhibition, of type Ia f bres, 226 
Reckeweg laboratories, 413 
Rectus capitis posterior muscle, 101—103 
Rectus femoris muscle, 155f, 157f 
muscle injuries, 318/, 326, 331¢ 
EPI® on; 327f 
isoinertial eccentric exercise protocol, 331f 
puncture techniques in, 131 
Reflex points, 70 
Refractile shadowing, 167-168 
Regeneration 
cell division and, 314-315 
eccentric overload training for muscle, 329-332 
of muscle, via EPI®, 320-321 
muscle injury and, 317-320 
phases of muscular, 316f 
physiological, 315-317 
versus repair, 314—315 
Rehabilitative ultrasound imaging (RUSI), MSK-US and, 
138 
Relapse, of tendinopathy, 296 
‘Relay station’, 341 
Reliability, 461-462 
Reliability coeff cients, 462, 462f 
Remodelling phase, tissue, 316 
Renshaw cells, 227 
Repetitive mechanical loading, biological response of, 290f 
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Research, 465 
Resistance, 1546 
Resistive index (RI), 173 
Resolution, image processing and, 478-480, 4795 
Response formats, 460 
Response patterns, 90-91 
Restoration, image, 477 
Result, in outcome measurement, 455 
expected, 456 
interpretation of, 463-464 
relevant, selection of, 457-459 
Resuscitation measures, training in, 22 
Resuscitation points, 385 
Reticulospinal tract, 2245 
lesion of, in spasticity, 225f 
Retinoids, tendinopathy from, 263 
RI. see Resistive index (RI) 
ROC. see Receiver operating characteristic (ROC) 
Rong Qi, 343 
Rostral ventral medulla, 246 
Rotation, 79-82, 80f-81f 
on probe manipulation, 185 
Rotator interval, 113, 121f 
anatomy of, 306f 
puncture techniques in, 121 
Ryodaraku detector, 392 
Ryodaraku health monitor, 392 


S 
Safety needles, 67 
Safety syringe, 66, 66) 
San Yin Jiao, 351-352 
Sanjiao, 347 
Saphenous vein, 128 
Scale, image processing and, 478, 478), 479f 
Scalene muscles 
anterior, 104, 106f 
puncture techniques in, 104 
Scapular region, 112 
Scars, electroacupuncture in, 390-391 
Schwann cells, 228 
Sciatic nerve, 124—125, 124f, 130 
acupuncture points in, 342 
Sclerotome, 73¢ 
Score calculation-summary, 460-461 
Scraping, 78, 79f 
Sebaceous gland, 4037 
Segmental analgesia, 386 
Segmental dysfunction, needling techniques for, 
239-255 
case study, 240-241 
dry needling, and local twitch response, 250 
glial cells, role of, 246 
latent MTrPs, to central sensitization, 246—247 
modalities, and manual therapies, 250—252 
acupuncture techniques, and paraspinous dry needling, 
250-251 
local anaesthetic, paraspinous block technique with, 
250 
paraspinous block, and paraspinous dry needling 
techniques, limitations of, 252 
muscle pain, distinct neurobiology of, 241-246 
higher brain centres dynamically modulate muscle 
pain, 246 
peripheral to central sensitization in, 242—243 
sensitization, background on, 241-242, 2425 
somatic, and visceral input convergence, 243-244, 
243f, 2446 
spinal facilitation, 244-245, 244f-245f, 245b 
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Segmental dysfunction, needling techniques for (Continued) 
spinal segmental sensitization, diagnosis and implications 
of, 247-250, 249b 
digital palpation, limitations of, 249-250 
treatment, 252—253 
Segmental response, 340 
Segmental stimulation, 73-74, 75f 
Semiautomatic segmentation, 485 
Semipermanent needles, 70—71 
Sensitization, 241 
Serotonin, 242 
Serotonin/5-hydroxytryptamine, on MTrPs, 242—243 
Serous synovial bursa, 164—165 
Serratus anterior muscle, 113, 114f 
Serratus posterior muscles, 107-109, 111-112 
SF-36 assessment tool, 461 
Shaft, of needle, 58f, 67 
Sharps container, 39, 39f 
Sheng cycle, 345, 345f 
Shoulder, 112-115 
Shoulder Pain and Disability Index (SPADI), assessment 
protocol and, 305-306, 309 
Shu points, 250-251 
back, 351-352, 351f-352f, 351t, 3526 
Silicone-coated needles, 58/, 60, 605 
Size, image processing and, 477/, 478 
Skin 
infections, as side effect of mesotherapy, 408 
necrosis, as side effect of mesotherapy, 408 
needle puncture in, 91 
structure of, 403-404, 403f 
SkinDes®, 189 
Smac/DIABLO proteins, EPI® and, 277-278 
Small intestine (Hand Tai Yang), 364-366, 365f 
SI1, 365 
p13, 365 
S14, 365-366 
S16, 366 
SI7, 366 
SI8, 366 
SI11, 107f, 1082, 115 
Society of Musculoskeletal Medicine (SOMM), 10-11 
Sodium chloride (NaCl), on electrolysis, 273-274 
Sodium hydroxide (NaOH), on electrochemical effect of 
BPI, 2/2 
Soft tissue 
def nition of, 313-314 
pathology of, 414 
Soleus muscle, puncture techniques in, 132 
Somatic input convergence, 243-244, 243f 
SOMM. see Society of Musculoskeletal Medicine (SOMM) 
Sonoelastography, 188 
of muscle injuries, 324-325, 325f 
Sonographically guided PNT, 265, 2665 
Sonopalpation (edge technique), 186 
SPADI. see Shoulder Pain and Disability Index (SPADI) 
Sparrow pecking, 78, 79f 
Spasms, muscle, 317 
Spasticity, 222—223 
def nitions for, 224 
descending tracts for movement control in, 2245 
physiopathology of, 222—227 
Spatial compound imaging, 184 
Spatial digitalization, 478 
Spatial resolution, 479, 479f-480f 
Special-effect points, 350, 353 
Specifc action, 350 
Specifc tool, as type of tools, 459 
Spinal facilitation, 244-245, 244/-245f, 245b 
Spinal motor neurons, decreased activation threshold of, 227 


Spinal reflexes, 229-230 
Spinal segmental sensitization (SSS) 
diagnosis, and implications of, 247-250, 249) 
pinch and roll test, 249f 
and myofascial trigger points (MTrPs), 240, 242 
paraspinous dry needling and, 251 
Spine, pathology of, 415 
Spinomesencephalic tract, 341 
Spinoreticular tract, 341 
Spinothalamic pathway, 340 
Spleen (Foot Tai Yin), 358f, 362-363 
SP 1, 362 
SP2, 362-363 
SP3, 363 
SP4, 363 
SP5, 363 
SP8, 363 
SSS. see Spinal segmental sensitization (SSS) 
Stainless steel, 60 
Standard (or typical) error of measurement (SEM), 462, 
A462f, 464f 
Standard syringe, 65—66 
barrel, 66 
and hypodermic needle, 64—67, 65f 
needle, 66-67 
bevel, 67 
hub, 67 
lumen, 67 
parts of, 65f, 67 
safety, 67 
shaft, 67 
parts of, 65f, 66, 66b 
plunger, 66 
procedures of, 67 
assembling a needle on to a syringe, 67, 68¢ 
drawing medication (ampoule or vial), 67, 67b, 69t 
product packaging and labelling, 67 
protective cover/cap, 67 
safety, 66, 66b 
tip, 66 
Standards of Safe Acupuncture Practice by Physiotherapists, 8 
Static morphological measurements, MSK-US and, 
139-140 
Sternocleidomastoid muscle, 99/, 102 
puncture techniques in, 104 
Sternocleidomastoid region, 100-101, 102 
Steroid arthropathy, 425 
‘Steroid chalk’, 425 
Steroid injections, 422 
on Achilles tendon, 425 
on inflammatory damage cycle, 422 
intra-articular, uterine bleeding from, 427 
sepsis from, 426 
tendon rupture from, 425 
Stomach (Foot Yang Ming), 360-362, 361f 
ST 34, 362 
ST 36, 362 
ST 37, 362 
S139,.402 
ST 40, 360-362 
ST 41, 360 
ST 42, 360 
ST 45, 360 
Strain, quadriceps muscle injury from, 326f 
Stretch reflex. see Myotatic reflex 
Strong responders, 90 
Structural analysis, 1425 
Subacromial bursa, injection of, 432f 
Subclavian artery, 103—104 
Subcutaneous cellular tissue, 156 


Subcutaneous ligament, 4037 
Subcutaneous tissue, 4037 
Submaximal stretch, 232 
Suboccipital muscles, 101—103, 103f 
Suboccipital region, approaches within, 104 
Subscapularis muscle, | 13 
puncture techniques in, 120 
Substance P (SP), 291, 292f 
on MTrPs, 242-243 
Superf cial DN (SDN) techniques, 210, 215-216 
Superf cial dry needling, 82/ 
Superf cial pes anserinus (SPA), 156f 
Superf cial plane, 128, 128f 
Superf cial pulse, 116, 116f 
Superf cial temporal artery, 99 
Superior gluteal vasculonervous bundle, 124—125, 124f 
Superior trapezius muscle, 111/ 
Supraspinatus muscle, | 14—115 
tendon of, 303-308, 305f-307f 
puncture techniques, 121 
rupture of, 308f 
Swaying, 78, 80f 
Symptomatic neovascular tendinosis (hypervascular 
tendinosis), 293, 293f 
mechanical allodynia in, 292, 292f 
Syncope, 430, 430¢ 
Syringe. see Standard syringe 


T 
Talocrural joint, puncture techniques in, 133 
Tao, 343 
Tarsal tunnel, 128—129 
T Cheng cycle, 346, 346f 
TCM. see Traditional Chinese medicine (TCM) 
Tear, quadriceps muscle injury from, 3267 
Temporal fascia, 99, 99f 
Temporal muscle, 99, 99f 
puncture techniques, 100 
Temporomandibular pain, 216-217 
Tenascin-C, in supraspinatus tendon, 286—287 
Tendinitis, 260¢, 285-286, 286b 
traditional treatment for, 259 
Tendinomuscular meridian (San Jiao), 343, 492, 492f 
acupuncture and, 491 
def nition of, 378 
functions of, 378 
objectives of treatment with, 378-379 
treatment model and, 378-379 
working protocol of, 379, 379f 
Tendinopathy, 260t, 261/-262f, 2636, 267, 286, 444 
athletes and, 288-289 
characteristics of, 286 
chronic pain in, 289-292, 290b 
biochemical model of, 291-292 
biomechanical model of, 290-291, 290f 
clinical classif cation of, 293 
corticosteroid-induced, 263 
direct compression and, 287 
eccentric exercise and, 276-277 
factors of, 289b 
failed healing theory of, 287-289, 288f, 2891 
fluoroquinolone-induced, 262 
histopathological f ndings of, 285-287 
iceberg theory of, 287, 288f 
non-steroidal anti-inflammatory drugs (NSAIDs) and, 
263 
oestrogen and, 263 
pathogenesis of, 287 
physiotherapy and, 276—277 
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retinoids and, 263 
statin-induced, 262-263 
use of animal models in research on, 275, 275b 
Tendinosis, 260t, 2616, 293, 293f 
Tendolipomatosis, 286 
Tendon(s), 158-162, 260—263, 260f-261f 
Achilles, 149f, 160f, 169f 
biceps brachi, 1537, 1397 
double sheath, 159, 160¢ 
epitrochlear, 161/-162f 
histology of, 260 
medication-related tendinopathy, 261—263 
molecular mechanisms of EPI® on, 275-279 
patellar, 159f, 169f 
pathological, 276-279 
pathologies of, 414 
pathophysiology in, 260-261 
quadriceps, 162f, 168 
single sheath, 159, 160¢ 
superf cial, 1625 
ultrasound and, 161b 
Tendon injuries, intratissue percutaneous electrolysis 
(EPI® technique) in, 285-312 
Tendon rupture, 448-449, 44945 
healing phases of, 444 
‘Tennis elbow.’ see Epicondylitis 
Tennis leg injury 
EPI® effect on, 332-333, 333f 
power Doppler imaging on, 333/ 
TENS. see Transcutaneous electrical nerve stimulation 
(TENS) 
Tension, on tissue healing, 317 
Teres major muscle, 113, 114f 
Teres minor muscle, 113, 114f 
TeWa® acupuncture brand, 74—77 
Thenar eminence, 118-119 
Thigh, 124-126 
left anterior, dissection of, 125f 
T hixotropy, 223-224 
T hree-dimensional (3D) images, diff culties in 
implementation and, 143, 143f 
Tibia, longitudinal section of, 149f 
Tibial meniscus, 165f 
Tibial nerve, 128 
Tilt, on probe manipulation, 185 
Time gain compensation (TGC), 184 
Tip, of syringe, 66 
Tissue elasticity, 88 
Tissue harmonic imaging, 185 
Tissue repair, 314-315 
TNF-a. see Tumour necrosis factor-a (TNF-a) 
Traditional Chinese medicine (TCM), 338 
Training courses, diff culties in implementation and, 143 
Transcutaneous electrical nerve stimulation (TENS) 
Chinese, 383 
oscilloscope analysis of, 384f 
-type current, 382 
pulse waveform, 382f 
Western, 383, 3835 
Transducer, ultrasound and, 475 
Transversalis fascia, 106-107 
Transverse/horizontal puncture, 84 
Transverse/short-axis approach. see Out-of-plane approach 
Trapezius muscle, 114-115, 114f, 174f, 210f 
descending, puncture techniques in, 120—121 
Treatment procedures, EPA and, 139 
Triamcinolone acetonide, 422-423, 423¢ 
Trigger fnger, 415 
Triple burner/Sanjiao (Hand Shao Yang), 371-372, 371f 
TB1, 371-372 
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Triple burner/Sanjiao (Hand Shao Yang) (Continued) 
TB3, 3/2 
T B4, 372 
Trunk, 104-112 
anatomical relations of interest, 106-111 
puncture techniques, approaches for structures and key 
sites, 112 
regions, 104 
vasculonervous conflict and anatomical landmarks of, 
111-112 
Tryptases, 292 
Tuberculoid granuloma, as side effect of mesotherapy, 408 
Tui-na, 339 
Tumefaction, on muscle contusion, 317-318 
Tumour necrosis factor-a (TNF-a), 281 
on MTrPs, 242-243 
Type Ib fbres, autogenic inhibition mechanism of, 227 
Type II fbres, of muscle spindle, 225 
Type III collagen, 286 
L-tyrosine amino acid, chloramines and, 274 


U 
Ulnar canal, 115f, 118 
Ulnar nerve, 117, 117f, 119 
acupuncture points in, 342 
Ultrasonographic image, 474-476, 4755 
Ultrasound, 147, 1476, 1516, 158f, 166f, 171-178, 444 
in anatomy, 148-151 
beam, 148f 
correlations with musculoskeletal system, 154—167 
description of, 154-167 
device, 180 
positioning, 189 
diagnostic, 173 
Doppler, 173 
effects in, 151-154 
with EPI®, 489-490, 490f 
in physics, 148-151 
in physiotherapy, 474 
transducer, 148, 148 
Ultrasound-guided application, with EPI® technique, 295, 
32 1h, 3220 
on biceps femoris muscle injury, 330f 
with colour Doppler, on muscle injuries, 322 
in common extensor tendon, 301—302 
in patellar ligament, 298—299 
in supraspinatus tendon, 306-307 
Ultrasound-guided PNT, 265 
Ultrasound image 
processing and analysis, 473-474, 4745 
scaling of, 479f 
thresholding of, 484f 
UMNS. see Upper motor neuron syndrome (UMNS) 
Upper motor neuron syndrome (UMNS), 222, 223f 


V 

Vagal reactions, as side effect of mesotherapy, 407-408 

Vagus nerve, 103-104 

Validation process, 462 

Validity, 462-463 

Value, reliability and, 462 

VAS. see Visual analogue scale; Visual analogue scale (VAS) 

Vascular endothelial growth factor (VEGF), EPI® and, 
278-279, 279f 

Vascular endothelial growth factor receptor-1 (VEGFR-1), 
EPI® and, 282f 

Vascular endothelial growth factor receptor-2 (VEGFR-2), 
EPI® and, 279f 


Vascular pathology, 25 
Vasodilators, 411-412 
Vasotropic applications, 385 
Vastus intermedius muscle, contusions, 326—327, 327f 
Vastus lateralis muscle, puncture techniques in, 131 
Vastus medialis muscle, puncture techniques in, 131 
VEGF. see Vascular endothelial growth factor (VEGF) 
VEGFR-1. see Vascular endothelial growth factor 
receptor-1 (VEGFR-1) 
VEGFR-2. see Vascular endothelial growth factor 
receptor-2 (VEGFR-2) 
Venous microcirculation, 403 
Ventrogluteal area, 130 
Versican, in structural transformation of molecules, 287 
Vertebral artery, 101—103 
Vertebral region, of trunk, 109-112 
Vessel injury, as side effect of mesotherapy, 408 
Vestibulospinal tract, 224b 
Vibration sonoelastography, 174—175 
Victorian Institute of Sports Assessment - Achilles 
(VISA-A), H VIGI and, 443-444 
Victorian Institute of Sports Assessment - Patella 
(VISA-P), 460 
outcome measurements and, 456 
scale, assessment protocol and, 298 
score, 467 
‘Virtual convex imaging’, 181 
VISA-A. see Victorian Institute of Sports Assessment 
- Achilles (VISA-A) 
VISA-P. see Victorian Institute of Sports Assessment 
- Patella (VISA-P) 
Visceral input convergence, 243-244, 243f 
Visceral pleura, 109 
Viscerotome, 74t 
Visual analogue scale (VAS), 266 
‘Vitamin L’, 262 
von Hochstetter triangle, 130 


W 
Wallerian degeneration, 228 
Wand phenomenon, 56, 213 
Waste 
general, 38 
management, 38-40, 39b-40b 
medical, 38-39 
Water element correspondences, 3457 
Wavelength (delta), ultrasound wave, 181 
WCPT. see World Confederation for Physical T herapy 
(W CPT) 
WDR. see Wide dynamic range (W DR) 
Weak responders, 90 
Wei Qi, 343 
Western TENS, 383, 38356 
WHO. see World Health Organization (WHO) 
Wide dynamic range (W DR), 241, 243-244, 243f 
Wolf’s law, 261 
Wood element correspondences, 3447 
World Confederation for Physical Therapy (WCPT ), 4 
on physiotherapy, 138 
World Health Organization (WHO), 8, 457 
model of functioning and disability, 457-458, 457f 
physiotherapy and, 139 
Wounds, caused by microbial infection, 408f 
Wrist, 113, 118, 166f 


xX 
Xi cleft points, 350 
Xylocaine®, 424 


Y Z 

Yang Qiao, 347 Zhang-Fu theory, 355 
Yang Wei, 347 Zhonggdi, 343 

Yiao, 356 Zi-Mu cycle, 346, 346f 
Yin Qiao, 347 Zona reticularis, 422 
Yin Wei, 347 Zusanli, 348 


Yin-yang, 339 

theory, 343-344, 343), 3431, 344f 
Yuan source points, 350 
Yuanggi, 343 
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